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Studies of the Prevention of Silica Urolithiasis 
INTRODUCTION 
Ur e t h r a l  o b s t r u c t i o n  by s i l i c a  c a l c u l i  is a ma j o r  
c a u s e  o f  d e a t h  o f  c a t t l e  a n d  s h e e p  g r a z i n g  w e s t e r n  r a n g e s  
o f  t h e  Un i t e d  S t a t e s .  S i m i l a r c a l c u l i  p r o b l e m s  ha v e  b e e n  
f o u n d  i n  s e v e r a l  o t h e r  c o u n t r i e s  i n c l u d i n g  C a n a d a , 
U . S . S . R .  a n d  A u s t r a l ia .  R a n g e  g r a s s e s  h a v in g  s il ic a 
c o n t e n t s  o f  4 t o  7 %  ( d r y  b a s i s ) a p p e a r  t o  b e  t h e  s i l i c a  
s o u r c e .  I n  a d d i t io n , s i l i c a  u r in a r y c a l c u l i  h a ve be e n  
r e p o r t e d  t o  o c c u r  in d o g s  ( 3 0 )  f r o m  s i l ic o n o f  u n k n o w n  
o r i g in , hu m a n s  ( 3 9 )  c o ns u m i n g  l a r g e  q u a n t itie s  o f  s i l i c a t e  
a n t a c i d s  a n d  r a t s ( 3 2) a n d  g u i n e a  p ig s  ( 7 8 )  e xp e r i m enta l l y 
f e d  t e t r a e t hy l o r t h o s i l i c a t e ( T E S ). 
E m e r i c k  a n d  c o w o r k e r s  ( 3 3 , 8 0 ) h a v e  f o u n �  t h a t 
s u p p l e m e n t a l  d i e t a r y p h o s p h a t e  a n d  a c id -f o r m i n g  s a l t s  
p r o �i d e  r a t s s o m e  p r o t e c t i o n  f r o m s il i c a  u r o l it h i a s i s . 
T h i s  p r o t e c t i v e  e f f e c t  w a s  b e y o n d  t h o s e  e f f e c t s  
a t t r i b u t a b l e  t o  i n c r e a s e s  i n  w a t e r  in t a k e  a n d  u r in e  
v o l u me . 
T h e  o b j e c t i v e s  o f  m y  t h e s i s r e s e a r c h  w e r e  (1) t o  
s t u d y  t h e c a l c u l i  p r o t e c t iv e  e f f e c t o f  d i e t a ry p h o s p h o r u s  
u s i n g  a n  a n i m a l  m o d e l  c o ns i s t i n g o f  l a b o r a to r y  r a t s f e d  
2 
d i e t s  c o n t a in in g  2 %  t e t r a e t h y l o r t 'h o s il ic a t e  ( T E S ) 
[ ( C 2 H 5 o ) 4 S i  ], ( 2 ) t o  s t u d y  i n  v i t r o  t h e e f f e c t  o f  
p h o s p h o r u s  o n  p r e c ip i t a t io n  o f  a p o l y s il i c ic a c i d -p r o t e i n  
c o m p l e x  w h ic h  is b e l ie v e d  t o  b e  i m p o r t a n t  t o  t h e  f o r m a t i o n  
o f  sil ic a  c a l c u l i, a n d  ( 3 )  t o  d e v e l o p  a r u m i n a n t  m o d e l  f o r  
f ut u r e  s il ic a  ur in a r y  c a l c u l i  s t u d ie s .  
3 
REVIEW OF LITERATURE 
CHEM I CA L  AN D PHY S I C A L  C H A R A C T ER I S T I C S  OF S I LICON 
T h e  c h e m i s t r y o f  s i l i c o n .  S i l i c o n i s  t h e  s e c o n d 
m o s t  c o m m o n e l e m e n t o n  t h e  s u r f a c e  o f  t h e  e a r t h ,  b u t i t  
o c c u r s o n l y  in c o m b i na t i o n  w i t h  o t h e r  e l e m e n t s .  R e c e n t l y 
i t  h a s b e e n r e c o g n i z e d  t h a t s o l u b l e s i l ic a , p r e v i o u s l y  
k n o w n t o  b e  e s s e n t i a l  f o r  d e v e l o p m e n t  o f  c e r t a i n  
i n v e r t e b r a t e s , p l a y s  a r o l e  in v e r t e b r a t e  b o n e f o r m a t io n  
( 2 7 , 8 1 ) . 
W h i l e  i n  s o l u t i o n  i n  w a t e r , s i l i c a  i s  l a r g e l y  in a 
m o n o m e r i c  f o r m  ( c o n t a i n i n g o n l y  o ne s i l i c o n a t o m ) .  
N o r m a l l y t h e  f o r m u l a i s  S i ( O H ) 4 • T h e  h y d r a t e d  s t a t e  o f  
s i l i c a  i s  n o t  k n o w n ,  b ut s o m e  s c i e n t i s t s  b e l i e v e t h a t e a c h  
O H  g r o u p  l i n ks  t o  o ne w a t e r  m o l e c u l e  b y  hy d r o g e n  b o n din g ,  
a n d  t h e h y d r a t e d  m o l e c u l e  m a y  b e  r e p r e s e n t e d  a s  
S i ( O H : O H 2 ) 4 ( 9 2 ) .  
The s t r u c t u r e  o f  m o n o s i l i c i c  a c i d  i n v o l v e s  s i l i c o n  
c o o.r d i n a t e d  w i t h  f o u r  o xy g e n  a t o m s ,  a s  i n  a m o r p h o u s  
v i t r e o u s  s i l i c a a n d  i n  c r y s t a l l i n e  q �a r t z .  It i s  
e s s e n t i a l l y no n i o n i c  in n e u t r a l  a n d  w e a k l y  a c i d i c 
s o l u t i o ns , a n d  i t  i s  no t t r a n s p o r t e d b y  e l e c t r ic c u r r e n t  
u n l e s s  i o n iz e d  i n  a n  a l k a l i ne s o l u t io n. It c a n  n o t  b e  
s a l t e d  o u t  o f  w a t e r ; i t  a l s o  c a n  n o t  b e  e xt r a c t e d  b y  
ne ut r a l  o r g a nic s o l v ent s ( 4 3 ) . 
4 
S i l i c a  r e m a i n s  i n  t h e m o n o m e r i c  s t a t e  f o r l o n g  
pe rio d s  i n  w a t e r  a t  2 5 °C a t  c o n c e n t r a t io n s  l e s s  t h a n  a b o u t 
1 0 0  p p m  ( a s  S i 0 2 ) .  At h i g h e r  c o n c e n t r a t io n s , i t  i n i t i a l l y  
p o l y m e r iz e s  t o  f o r m  p o l y s i l ic ic a c i d s  o f  lo w m o l e c u l a r  
w e ig h t  a n d  t h e n  l a r g e r  p o l y m e r i c  s p e c i e s  r e c o g n i z e d  a s  
c o l l o id a l  p a r t i c l e s .  Th e r a t e  o f  t h e  p o ly m e r iz a t i o n  i s  
p r o p o r t i o n a l  t o  t he s qu a r e  o f  t h e c o n c e n t r a t i o n  d u r i n g  t h e  
t i m e  t h a t  m o n o m e r i c  s i l ic i c  a c i d  e xc e e d s  s a t u r a t i o n ( 4 1 ) .  
F i g u r e  1 - 1  s h o w s  t h e s u c c e e d i n g  s t e p s  i n  
p o l y m e r i z a t i o n o f  s i l ic a  f r o m  m o n o m e r  t o  l a r g e  pa r t i c l e s  
a n d  g e l s  a s  p r e s e n t e d  s c h e m a t i c a l l y  b y  I l e r  ( 4 3 ) .  
A t  2 5 °C ,  if t h e  c o n c e n t r a t i o n  o f  m o n o s i l i c i c  ac i d  
i s  l e s s  t h a n  1 0 0 p p m  ( a s  S i 0 2 ) ,  t h e  a c i d  i s  s o l u b l e a n d  
s t a b le .  B u t  if t h e  c o n c e n t r a t i o n b e c o m e s  g r e a t e r  t h a n  1 0 0 
t o  2 0 0  p p m  a n d  t h e r e  i s  n o  s o l i d  p h a s e  e xi s t i n g  o n  w h i c h  
t h e  s o l u hl e  s i l i c a  m i g h t  b e  d e p o s i t e d , t h e  m o n o m e r  
p o l y m e r i z e s  b y  c o n d e n s a t i o n  r e a c t i o n s  t o  f o r m  t h e  d i m e r  
a n d  p o l y m e r  o f  s i l i c ic a c i d .  
O H - i o n  o r  H + i o n is i n v o l v e d  i n  t h e  r e a c t i o n  
m e c h a n is m .  T h e  re a c t i o n  r a t e  i s  p r o p o r ti o n a l  t o  t h e  
c o n c e n t r a t i o n  o f  O H - i o n  a b o v e  p H  2 ,  a n d  t o  t h e  H + i o n  
b e lo w p H  2 .  At a r o u n d  p H  2 , t h e r a t e  o f  p o l y m e r iz a t io n  
i s  a t  a m i n im u m .  I t  h a s  b e e n  s u g g e s t e d  t h a t  s i n c e  p H  2 is  
t h e is o e le c t r i c  p o i n t  o f  s i l i c a , t h e c a t a ly s t  b e l o w  pH  2 
i s  t h e  H+ i o n wh i c h fo r m s  a n  a c t i v e  c a tio n i c  c o m p le x , a n d 
Figure 1-1. Polymerization behavior of silica1 
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1In basic solution (B), particles in sol grow in 
size with decrease i n  numb ers; in acid solution or in 
p resence of f locc u lat i ng s a lts (A), p a r t i c les 
aggregate into t hree-dimensional net works and form 
gels (43). 
* * * 
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a b o ve p H  2 i t i s t h e  0 H - i o n  w h i  c h h e  1 p s· t o f o r m a n  a c t i v e 
a n i o n i c  s i l i c a  ( 4 3 ) .  
The s e l f -c o n d e n s a t i o n o f  t h e  s i l i c i c  a c i d  m o n o m e r  
c a t a l y z e d  b y  O H- i o n  i s  b e l i e ve d  t o  b e  a s  f o l l o w s : 
O H-
2 S i ( OH ) 4 --------> 
I l e r  ( 4 1 )  i n t r o d u c e d  a 6 - c o v a l e n t  s t a g e  
i n t e r m e d i a t e  m e c h a n i s m  f o r  t he r e a c t i o n : 
O H  
-----> 
H O  "'-.. s( 
HO / '0......., ,........O H  
S i  
HO/ ' o H  
F o r  t h i s  r e a c t i o n  ( a b o v e p H  2 ) ,  t h e  ra t e  o f  
d i s a p pe a r a n c e  o f  m o n o m e r  i s  a s e c o n d  o r d e r  r e a c t i o n .  � 
H o w e ve r , w h e n  pH i s  b e l o w  2 ,  O kke r s e  (70) b e l i e ve d  t h a t  
t h e r a t e  o f  d i s a p p e a r a n c e  o f  m o n o m e r  i s  a t h i r d  o r d e r  
r e a c t i o n , i n vo l vi n g  a t h r e e - s i l i c o n  i n t e r m e d i a t e  a s  
f o l l ow s : 
... 
P o l y m e r iz e d  
m a x im u m  o f  s il o x a ne 
s il ic a  h a s a t end e nc y  t o  h a v e  
( S i- 0 - S i) b o nd s  a nd a m inim u m  
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a 
o f  
unc o nd e ns e d  S iOH g r o u p s .  T h e r e f o r e , a t  t h e  e a r l ie s t  s t a g e  
o f  p o l y m e r iz a t io n ,  c o nd e ns a t io n  q u ic k l y  l e a d s  t o  r in g  
s t r u c t u r e s ,  f o l l o w e d  b y  a d d it io n  o f  m o no m e r  t o  t h e s e  
s t r u c t u r e s .  S inc e s m a l l  p a r t ic l e s a r e  ·m o r e  s o l u b l e  t h a n  
l a r g e  o ne s , t h e  l a r g e r  s iz e  p a r t ic l e s  g r o w  a s  t h e  s m a l l e r  
o ne s d is s o l v e  a nd t h e  s il ic a  i s  r e d e p o s it e d  u p o n t h e  
l a r g e r  one s .  H o w e v e r , t h is is a s l o w e r  p r o c e s s  and m ay b e  
ne g l ig ib l e a t  l o w  p H  a f t e r  t h e  m ono m e r  ha s b e e n de p l e t e d  
( 8 9 ) . 
P h y s ic a l  c h a r a c t e r is t ic s  o f  s il ic o n. S il ic o n is 
o ne o f  t he t r a c e e l e m ent s " e s s e nt ia l "  f o r  hig h e r  a nim a l s .  
T h is c onc l u s ion w a s  r e p o r t e d  in 1 9 7 2  b y  C a r l is l e  (27 ) w it h  
t h e e s t a b l i s h m e n t o f  a d e f ic ie n c y  s t a t e  in c h ic k s  
inc o m p a t ipl e w it h  no r m a l  g r o w t h ,  a nd t h e  c o nt r a s t in g  
no r m a l  g r o w t h on a d ie t  c ont a ining a s il ic o n s u p p l e m e nt . 
A b o u t  t h e  s a m e  t im e , S c h w a r z  ( 8 1 ) d e v e l o p e d  a n  a l l ­
p l as t ic ,  t r a c e  e l e m e n t -c o n t r o l l e d  is o l a t o r  s y s t e m  f o r  
s m a l l  l a b o r a t o r y anim a l s  and f o u nd sil ic on t o  b e  r e q uir e d  
f o r  g r o w t h  in t h e r a t .  S il ic on w a s  s u b s e q u e nt l y s h o w n  t o  
h a v e  a r o l e in b o ne m a t r ix f o r m a t ion and b o ne g r o w t h  ( 2 7 ) . 
The  f o r m o f  d ie t a r y s ilic o n  is an im p o r t ant f a c t o r  
a f f e c t ing it s a b s o r p tion. A b s o r p t ion r e l a t e s  t o  t h e  r a t e  
o f  f o r m a t io n  o f  s o l u b l e  o r  a b s o r b a b l e  s il ic o n in t h e  
8 
g a s t r o i n t e s t i n a l  t r a c t ( 2 8) . E xc e s s  a mo u n t s  o f  c e r t a i n  
o t he r  m i ne r a l  e l e m e n t s  i n  t he d i e t  m a y  a l s o  a f f e c t  s i l i c o n 
a b s o r p t i o n .  T h i s  i s  p o s s i b l y r e l a t e d  t o  a r e d u c t i o n i n  
t he f o r m a t i o n  o f  s o l u b l e  s i l i c o n  ( 2 8 ) .  
N o r m a l l y  t h e w h o l e - b l o o d  l e ve l s  o f  s i l i c o n  i n  
h u m a n s , m o n k e y s  a n d  r a t s  a v e r a g e  a p p r o xi m a t e l y  1 u g /m l ,  
b u t o vi n e s  ha v e  h i g h e r  va l u e s  a p p r o xi m a t i n g  5 u g /m l  ( 28) . 
T h e h i g h e s t  s i l i c o n  c o n c e n t r a t i o n s  n o r m a l l y  a r e  i n  
c o n ne c t i ve t i s s u e s  s u c h  a s  a o r t a ,  t r a c h e a , t e n d o n ,  b o n e ,  
s k i n  a n d i t s  a p p e n d a g e s .  I n  t h e b o d y ,  s i l i c o n  i s  fr e e l y  
d i f f u s i b l e t hr o u g h o u t t i s s u e  f l u i d  ( 2 8 ) .  P o l i c a r d  e t  a l .  
( 7 3 )  s u g g e s t e d  t h a t  p o l y m e r ic m o l e c u l e s  o f  s i l i c i c  a c i d  
c o n t a i n i n g  u p  t o  f o u r  o r  f i ve s i l i c o n - o x y g e n  u n i t s  
c ha r a c t e r i z e  t h e  t r a n s p o r t  f oim o f  s i l i c i c a c i d  i n  b l o o d .  
Jo n e s  a n d  H a n d r e c k  ( 4 7 )  f o u n d  t h a t  t h e  a m o u n t s  o f  
s i l i c a  e xc r e t e d  i n  s h e e p  u r i n e  i n c r e a s e d  w h e n  s i l i c a  
c o n t e n t  o f  t h e d i e t  w a s  i n c r e a s e d  i n  t h e  r a n g e o f  0 . 1 0  t o  
2 . 8 4  % ,  b u t  r e a c h e d  a m a �i m u m  o f  2 0 5  m g  S i 0 2 p e r  d a y , t h i s 
a mo u nt r e p r e s e n t i n g  < 4 %  o f  t h e t o t a l  i n t a k e .  S i m i l a r  
r e s u l t s  h a v e  b e e n  s h o w n  b y  o t h e r s  i n  h u m an s ( 2 8) , r a t s  
( 5 2 ) , g u i n e a  p i g s  ( 7 8 ) , s h e e p  a n d  c a t t l e ( 2 ) .  
The m a xi m u m  u r i n a r y  s i l i c a  c o nc e n t r a t i o n  t h a t  m a y  
b e  r e a c he d  i s  d e p e n d e n t  o n  t h e  r a t e a n d  e xt e n t  o f  s i l i c o n 
a b s o r p t i on fr o m  t he g a s t r o i n t e s t i na l t r a c t  i n t o  t h e  b l o o d .  
I n  t h e r u m i na n t ,  t h e  s o l u b i l i t y  o f  s i l i c a  i n  t h e  r u m e n  
. .. , 
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f l u i d  a l s o  a f f e c t s  t he va l u e s .  S i l i c o n  m u s t  p a s s  r a p i d l y  
i n t o  t he u r i n e a n d  t i s s u e s  a f t e r  i t  h a s e n t e r e d  t h e 
b l o o d s t r e a m  b e c a u s e  t he s i l i c o n  l e ve l  i n  t he b l o o d  r e ma i n s 
r e l a t i ve l y  c o n s t a n t  eve n  w he n  i n t a k e s o f  s i l i c o n  a r e m u c h 
d i ff e r e n t  ( 2 8 ) . 
E x c e s s  s i l i c o n h a s i t s  n e g a t i v e  e f f e c t s  o n  
a n i m a l s .  O n e  o f  t he p r o b l e m s  i s  s i l i c a  u r o li t h i a s i s  w hi c h  
i s  t h e  s u b j e c t  o f  t hi s  r e s e a r c h  a n d  w i l l  b e  d i s c u s s e d  
l a t e r .  A n o t he r  p r o b l e m  i s  s i l i c o s i s  i n  hu m a n s .  S i l i c o s i s 
o c c u r s i n  c e r t a i n  c l a s s e s  o f  m i n e r s  a s  a r e s u l t  o f  t he 
c o n t i n u e d  i n ha l a t i o n  o f  s i l i c a  p a r t i c l e s  i n t o  t he l u n g s .  
T hi s  s u b j e c t  ha s b e e n r e c e n t l y  r e vi e w e d b y  Ca r l i s l e ( 2 8 ) .  
P a r t i c l e s  o f  s i l i c a  a n d  a s b e s t o s  ( f i b r o u s  s i l i c a t e s  o f  
c o m p l e x  c o m p o s i t i o n )  c a n  s t i •u l a t e  a s e ve r e  f i b ro g e ni c  
r e a c t i o n  i n  t he l u n g s  a n d  e l s e w he r e  i n  t he b o d y .  T hi s 
r e a c t i o n a r i s e s  i n i t i a l l y  f r o m  p ha g o c y t o s i s  o f  si l i c a  
p a r t i c l e s  b y  a l v e o l a r  m a c r o p ha g e s .  T he b a s i s f o r  t o xi c i t y  
o f  s i l i c a  t o  m a c r o p ha g e s  i s  t ha t  t h e  p a r t i c l e s  a r e  t a k e n  
u p .i n t o l y s o s o m e s  a n d  r e a d i l y  d a m a g e  l y s o s o m a l m e m b r a n e s  
t hr o u g h  hy d r o g e n -b o n d i n g  r e a c t i o n s .  S i l i c on. i n  t h e  f o r m  
o f  a s b e s t o s  m a y  c a u s e  t he f o r m a t i o n o f  m a l i g nant t u mo r s  o f  
t he p l e u r a  a n d  p e r i t o n e u m ,  b u t  i t  i s  b e l i e v e d  t ha t  
p h y s i c a 1 s h a p e a n d s i z e o f t he _ p a r t i c 1 e s i s an i m p o r t a n t 
f a c t o r ( 28 ) .  
1 0  
S IL I C O N  U R I N A R Y  C A LCULI 
G e n e r a l  f e a t u r e s  o f  s i l ic a  u r in a r y c a l c u l i .  
Urin a r y sil i c a i s  g e n e r a l l y  r e a d i l y  e xc r e t e d , b u t  �n s o m e  
in s t a n c e s  p a r t  o f  i t  i s  d e p o s i t e d  in t he ki d n e y s , b l ad d e r ,  
o r  u r e t hr a  t o  f o r m  c a l c u l i. S m a l l  c a l c u fi m a y  b e  e xc r e t e d  
w i t h o u t  a n y  p r o b l e m ,  b u t  l a r g e  c a l c u l i  m a y  b l o c k t h e  
p a s s a g e  o f  u r i n e a n d  c a u s e  d e a t h .  I n  m a n y  a r e a s  t h e  
p r e s en c e  o f  s i l i c a  u r i na r y c a l c u l i  i s  a c o m m o n  c o n d i t i o n .  
C o n n e l l  e t  a l .  ( 2 9 ) ,  W h i t i n g e t  a l .  ( 9 1 )  a n d  B a i l e y  ( 1 8 )  
r e p o r t e d  t h a t  SO% t o  9 0 % o f  r a n g e  a n i m a l s  i n  s o m e  a r e a s  
d e ve l o p e d  l a t e n t  s i l ic a  c a l c u l i .  B l o c ka g e , w h e n  i t  o c c u rs ,  
i s  u s u a l l y  a t  o r  n e a r  t h e  u r e t h r a l  s i g m o i d  f l e xu r e  ( F ig u re 
1 - 2 ) .  U p o n  ru p t u r e  o f  t h e - b l a d d e r  o r  u r e t h r a ,  u ri n e  
e n t e r s  t h e  a b d o m i na l  c a vi t y  o r  i n f ilt r a t e s  t h e  t i s s u e s  o f  
t he ve n t r a :}.  a b d o m e n .  S u b s e q u e n t  d e a t h  w i l l  o c c u r  un l e s s  
t im e l y  s u rg e r y  i s  p e r f o r me d . 
I n  r u m i n a n t s ,  s i l i c a i n  u r i n a r y  c a l c u l i i s  f r o m  
t he d i e t . I n  t h e n o r t h e r n  G r e a t  P l a i n s  o f  N o r t h  A m e r ic a  
a n d  s o m e  a r e a s  o f  A u s t r a l ia ,  i n d i g e n o u s  g r a s s e s  c o n t a i n  
s i l i c a  a p p r o xi m a t i n g  4 %  t o  7 %  o f  t h e  d r y  m a t t e r  ( 1 8 ,  3 3 ) .  
The  l e ve l  o f  s i l i c a  i n  t h e  g r a s s e s  v a r i e s  w i t h t h e  c h a n g e  
o f  s e a s o n s .  U s u a l l y ,  i n  s p r i n g  t h e g r a s s e s  c o n t a i n  
r e l a t i v e l y l o w l e v e l s  o f  s i l i c a  a n d  h i g h  l e v e l s  o f  
p r o t e i n . S i li c a  i n c r e a s e s  a n d  p r o t e i n  d e c r e a s e s  a s  t h e  
. .. 
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F i g u re 1 - 2 .  T h e  u ri na r y  t ra c t  o f  t h e  m a l e  s h e e p 1 
Kidney 
Urethra 
1 A rr o w s  i n d i c a t e  t h e  p o i n t s  w h e r e  u ri n a r y  c a l c u l i  
m o s t  o f t e n  c a u s e  b l o c ka g e .  
. .. 
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s e a s o n  a d va n c e s  w i t h  h i g h e s t  s i l i c a c o n c e n t r a t i o n s  
o c c u r r i n g  i n  w i n t e r  ( 2 ) .  Ra n g e a n i m a l s  i n g e s t  l a r g e  
q u a n t i t i e s  o f  s i l i c a  f r o m  n a t i ve r a n g e hay . F o r  e xa m p l e ,  
y e a r l i ng s t e e r s  m a y c o n s u m e  u p  t o  1 0  k g / h e a d  d �i l y o f  
g r a s s  d r y m a t t e r  w h i c h  c o n t a i n s  a b o u t  5 0 0  g o f  s i l i c a ( 1 2 ,  
1 3 ) .  S h e e p  i n  Au s t r a l i a  h a ve b e e n e s t i m a t e d  t o  c o n s u m e  a s  
m u c h  a s  2 0  t o  4 0  g /h e a d  d a i l y  o f  s i l i c a  ( 4 8 , 6 6 ) . 
B a i l e y  e t  a l .  ( 1 0 ) e xa m i n e d  7 4  c a l c u l i  w h i c h  h a d  
c a u s e d  u r e t h r a l  o b s t r u c t i o n  i n  r an g e  c a t t l e .  The  c a l c u l i  
r a n g e d  i n  d i a m e t e r  f r o m  2 t o  1 0  m m  a n d  i n  w e i g h t  f r o m 2 0  
t o  5 5 8  m g . T h e y  w e r e  d e s c r i b e d  a s  h a r d a n d  s t o n e y , f r o m  
w h i t e  t o  d a r k  b r o w n i n  c o l o r , r o u n d , o vo i d  o r  m u l b e r r y in 
s h a p e .  T h e  a ve r a g e  c o m p o s i t i o n o f  t h e s e  c a l c u l i  w e r e  
5 0 . 7 %  s i l i c a ,  4 . 7 %  c a l c i u m ,  1 3 . 8 %  c a l c i u m  o xa l a t e  a nd 
2 6 . 1 %  o r g a n i c m a t t e r .  I n  g e n e r a l ,  t h e  s i l i c a c a l c u l i  f r o m  
r a n g e  c a t t )e a n d  s h e e p  h a ve u s u a l l y c o n t a i n e d  a b o u t  7 5 % 
s i l i c a , 2 0 %  o r g a n i c  m a t t e r , 2 . 5 %  n i t r o g e n ,  2 %  w a t e r  a n d  
s m a l l a m o u n t s  o f  o t he r  m i n e r a l  c o m p o ne nt s ( 7 , 20 , 5 1 , 6 3 ,  
8 5 ) . K e e l e r  e t  a l .  ( S O ,  5 3 )  f o u n d  t h a t  t h e  o r g a n i c  m a t r i x  
o f  s i l i c e o u s  c a l c u l i  f r o m  c a t t l e c o n t a i ne d  1 6  a m i no a c i d s  
p l u s  g a l a c t o s e , m a n n o s e , f u c o s e , r ha m no s e and g l u c o s e , b u t  
n o t  he xu r o nic a c i d  a n d  o n l y t r a c e s  o f  sia l i c  a c i d . 
M o s t  s il i c a  c a l c u l i  c a n  b e  s o r t e d i nt o  t h r e e  
c a t e g o r i e s  c o m p o s e d  o f  t h r e e  d is t i n c t  ty p e s  o f  m a t e r i a l : 
( 1 )  Fr i a b l e , a m o r p h o u s  s i l i c a ,  p o o r  i n  o r g a ni c  m a t t e r ; 
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t h is t y p e  c a n  b e  f o u n d  a t  t h e  c o r e  o f  m a n y  c a l c u l i  a n d  
o c c a s i o n a l l y  in t e r s p e r s e d  b e t w e e n  o v e r l y in g  l a m in a t i o n s .  
( 2 )  D e n s e , c o n c e n t r ic l a m in a t io n s , h ig h  in s il i c a ;  t h i s  
t y p e c a n  b e  f o u n d  i n  t h e  b u l k  a n d  t h e  o u t e r  r e g i o n s  o f  
s o m e  c a l c u l i. ( 3 )  P o o r l y  o r g a n iz e d  m a t e r ia l ,  h i g h  i n  
o r g a n i c  m a t t e r  a n d  u s u a l l y  l o c a t e d  b e t �e e n t h e  c o r e  a n d  
o u t e r  l a m in a t io n s  ( 7 ,  1 9 ,  5 1 ) . 
I n  c a t t l e ,  s il i c a  c a l c u l i c a n  b e  f o u n d  i n  b o t h  
s e xe s ,  b u t  o b s t r u c t i o n  u s u a l l y  o c c u r s  o n l y  in m a l e s .  
F e m a l e s  h a v e  a s h o r t e r , w i d e r  u r e t h r a  t h a n  m a l e s  w h i c h  
a l l o w s  t h e  p a s s a g e  o f  c a l c u l i  b e f o r e  t h e y  r e a c h  
o b s t r u c t i v e  s iz e  ( 2 9 , 6 2 ,  9 1 ) . O b s t r u c t i o n i s  m o r e  c o m m o n  
i n  s t e e r s  t h a n  i n  b u l l s  b e c a u s e  c a s t r a t i o n  r e t a r d s 
u r e t h r a l  d e v e l o p m e n t  ( 1 1 ,  5 9 ) . -
M e c h a n is m  o f  S il i c a  C a l c u l u s  F o r m a t i o n. T h e 
m e c h a nis m o f  sil ic a  c a l c u l u s  f o r m a t i o n  i n  a n i m a l s  is n o t  
kn o w n ,  b u t  s o m e  r e s e a r c h e r s  b e l ie v e  t h a t  i t  m a y  i n v o l v e  
t h e p r e c ip i t a t i o n  o f  p o l y m e r i z e d  s i l i c ic a c i d  b y  u r i n e  
p r o t e in ( 8 , 1 8 ,  5 1 ) . 
S i l i c i c  a c id i n  p u r e  s o l u t i o n  a t  c o nc e n t r a t i o n s  
n o r m a l l y  f o u n d  i n  u r i n e  ( 2 0 0  t o  70 0 p p m ) a n d  a t  
p h y s i o l o g i c a l  p H  d o e s  n o t  f o r m  a p r e c i p i t a t e  e a s i l y .  
H o w e v e r ,  in s o m e  s t u d i e s  i n  v i t r o , p r o t e i ns ,  i nc l u d i n g  
b o v i n e  u r i n e p r o t e i n , a d d e d  t o  p o l y m e r i z e d  s i l i c i c  a c i d  
p r o d u c e d  i n s o l u b l e  p o l y s i l i c i c  a c i d -pr o t e i n  c o m p l e xe s  (8 , 
442199 
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2 1 , 4 0 ) .  T h e  r a t e  o f  p r e c i p i t a t i o n  w a s  h i g h e r a t  p H  5 . 5  
t ha n  a t  6 . 5  and 7 . 5  and v a r i e d  d e p end i ng on t h e  na t u r e  a nd 
c o nc e n t r a t i o n  o f  t h e  e l e c t r o l y t e s  p r e s e nt ( 8 ) .  Al l i s o n  
( 1 )  s u g g e s t e d  t h a t  t h e  m e c h a ni s m  w a s  h y d r o g e n b o n d i ng 
b e t w e e n s u r f a c e  s i l ano l g r o u p s  a n d  t h e  s e c o n d a r y  a m i d e s  o f  
t h e  p r o t e i ns . 
B a i l e y  ( 1 8 )  s u g g e s t e d t h a t  t h e  d e p o s i t i o n o f  
s i l i c a i n  t h e p r o c e s s  o f  c a l c u l u s f o r m a t i o n i s  d u e  t o  a 
m e c hani s m s i m i l a r  t o  t h a t  o b s e r v e d  f o r  t h e  d e p o s i t i o n  o f  
s i l i c a  i n  v i t r o . T h e  f i r s t  s t e p  i s  d e s c r i b e d a s  
f o r m a t i on o f  m a s s e s  o f  a g g r e g a t e d  s i l i c a  m i c e l l e s .  W h e n  
t he s t a r t i ng c onc e n t r a t i o n o f  s i l i c i c  a c i d  i s  h i g h , a s o l  
i s  f o r m e d  f r o m  p o l y m e r i z e d  s i l i c i c a c i d , and s p h e r i c a l  
m i c e l l e s  o f  a p p r o x i m a t e l y  1 5 0  t o  3 0 0  nm d i a m e t ·e r  a r e  
f o r m e d  ( 4 5 ) .  T h e  p r e s e n c e  o f  e l e c t r o l y t e s  c a u s e  
f l o c c u l a t i o n o f  m i c e l l e s i nt o  p o r o u s  a g g r e g a t e s  w h i c h  a r e  
s i m i l a r  t o  t h e  a m o r p h o u s  s i l � c a  f o u n d i n  s i l i c e o u s  
c a l c u l i .  I n  t h e s e c o nd s t e p , a g g r e g a t e d  s i l i c a  m i c el l e s  
a c t  a s  nu c l e i , a n d  s i l i c a  i s  c o n t i nu a l l y d e p o s i t e d  o n  i t  
( 1 8 ) . 
P RE V EN T I ON OF S I L I C A  U RI N ARY C ALCULI 
S e v e r a l  m e t h o d s  h a v e  be e n  u s e d  t o  p r e v e nt t h e  
f o r m a t i o n  o f  s i l i c a u r i n a r y  c a l c u l i .  Th e m e a s u r e s  o f  
pr e v e nt i on c a n  b e  s o r t e d  i n t o  t h e f o l l o w ing t h r e e t y p e s .  
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R e d u c i n g t h e  pr o b l e m  f e e d s .  R e d u c i n g  i n t a k e  o f  
f e e d s  su c h  a s  na t i ve r a n g e  ha y c o n t a i n i n g  a hi g h  l e ve l  o f  
s i l i c a , a n d  g i vi n g  r e l a t i ve l y l o w  s i l i c a  s u p p l e m e n t s  s u c h  
a s  a l f a l f a hay  o r  _c o r n  g r a i n  m a y  b y  b e n e f i c i a l .  Ho w e ve r , 
t h i s u s u a l l y i s  n o t  p r a c t i c a l  b e c a u s e  o f  s u c h  t h i n g s  a s  
r a n g e l o c a t i o n  a n d n o n a va i l a b i l i t y o f  o t h e r  s o u r c e s  o f  
f e e d . 
I n c r e a s i ng u r i n a r y  vo l u m e .  The r e  i s  a hy p o t h e s i s  
t h a t  a l o w  o u t p u t o f  w a t e r i n  u r i n e r e l a t i ve t o  t h e  o u t p u t  
o f  s i l i c i c a c i d  i s  a n e c e s s a r y c o n d i t i o n f o r  s i l i c a  
c a l c u l i  f o r m a t i o n  ( 1 8 ) .  T h e  u r i n a r y  c o n c e n t r a t i o n o f  
s i l i c i c  a c i d  c a n  b e  r e d u c e d  b y  i n c r e a s i n g  w a t e r  i n t a k e .  
M e t h o d s  t h a t h a ve b e e n  u s e d  b y  B a i l e y  ( 1 8 )  . f o r  
i n c r e a s i n g  w a t e r  i n t ak e  i n c l u d e  i n c o r p o r a t i n g  4 %. s o d i u m  
c h l o r i d e  i n  t h e d i e t ;  s u p p l y i n g  a d  l i b i t u m  f e e d  
s u p p l e m e n t s  c o n t a i n i n g  1 5  t o  2 5 % s a l t  ( N a C l ) ; g i vi n g  e xt r a 
w a t e r  b y  s t o m a c h  t u b e .  O n  a ve r a g e , w a t e r  i n t a k e s  un d e r  
t h e s e  c o n d i t i o n s  w e r e  4 0 %  g r e a t e r  t h a n  t h e  c o n t r o l  g r o u p , 
a n d  t h e c o n c e n t r a t i o n  o f  s i l i c i c  a c i d  i n  u r i n e  w a s  
g e n e r a l ly r e d u c e d b e l o w s a t u r a t i o n .  The r e s�l t s o f  t h e s e  
e xp e r i m e n t s  sh o w e d  t h a t  t h e  f o r m a t i o n  o f  u r i n a r y c a l c u l i  
w a s  s u p p r e s s e d  b y  t h e  h i g h e r  w a t e r  i n t a k e .  Ab o u t  1 g 
s a l t / k g  b o d y  w e i g h t  w a s  r e q u i r e d  p e r  d a y  t o  r e d u c e  
c a l c u l u s f o r m a t i o n t o  ne g l i g i b l e l e ve l s  ( 3 ,  5 ,  9). 
S u ppl y i n g  d i e t a r � s u ppl e m e n t s  o f  c h l o r i d e , 
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ph o s ph a t e  £L u r i n e  a c i d i f y i n g s a l t s . U s i n g  a n  a n i m a l  
m o d e l  c o n s i s t i n g  o f  r a t s  f e d  d i e t s  c o n t a i n i n g  t h e  
c a l c u l o g e ni c  a g e n t , t e t r a e t h y l o r t h o s i l i c a t e  ( TES ) , E m e r i c k 
( 3 3 ) s h o w e d  t h a t .i n c r e a s e s  i n  d i e t a r y  s o d i u m  c h l o r i d e  
p r o v i d e d  s o m e  p r o t e c t i o n  f r o m  s i l i c a  u r i n a r y c a l c u l i .  
T h i s  b e n e f i t  f r o m  s o d i u m  c h l o r i d e  w a s  o b t a i n e d  w i t h o u t  
i n c r e a s e s  i n  u r i n e  v o l u m e .  S o d i u m  s u l f a t e  a t  l e v e l s  
e q u i v a l e n t  t o  the  s o d i u m  c h l o r i d e  t r e a t m e n t  p r o v e d  t o  b e  
i n e f f e c t i v e  i n  r e d u c i n g  t h e i n c i d e n c e  o f  s i l i c a  u r i n a r y 
c a l c u l i .  
E m e r i c k  ( 3 3 ) f u r t h e r  d e m o n s t r a t e d � p r o t e c t i v e  
e f f e c t  f o r  s u p p l e m e n t a l  d i e t a r y  p h o s p h a t e s .  L a t e r , 
S c h r e i e r a n d  E m e r i c k ( 8 0 )  s h o w e d  t h a t  t h e  p r o t e c ti o n  
a f f o r d e d  b y  s u p p l e m e n t a l  p h o s p h o r u s  w a s  d i m in i s h e d  o r  
n e g a t e d  b y  s u p p l e m e n t a l c a l c i u m  o r  a u r i n e a l ka l i z i n g s a l t  
( N a H C 0 3 ) , -bu t p r o t e c t i o n  w a s  i n c r e a s e d  b y  t h e  u r i n e ­
a c i d i f y i n g  s a l t ,  a m m o n i u m c h l o r i d e .  T h e s e r e s e a r c h e r s  
c o n c l u d e d  t h a t t h e b e n e f i c i a l  e f f e c t s  of d i e t a r y 
p h o s p h o r u s  a n d  u r i n e - a c i d i f y i n g  s a l t s  w e r e  n o t  d e p e n d e n t  
u p o n  i n c r e a s e s i n  ur i n e v o l u m e .  H o w e v e r , b e ca u s e  s o m e  o f  
t he p h o s p h a t e  c o m p o u n d s  t en d e d  t o  h a v e  a ur i n e a c i d i f y i n g  
e f f e c t ,  a p o r t i o n o f  t h e p r o t e c ti o n  a t t r i b u t e d  t o  
s u p p l e m e n t a l  p h o s p h o r u s  m a y h a v e  b e e n  d u e  t o  u r i n e 
a c i d i f i c a t i o n .  T h e  b a s a l  d i e t  u s e d  b y  t h e s e  r e s e a r c h e r s  
y i e l d e d u r i n e pH a p p r o xi m a t i n g  6 . 5 .  S u b s t i t u t i n g  e g g  
1 7  
a l b u m i n f o r  t h e  d i e t a r y  c a s e in y i e l d e d  u r i ne p H  o f  a b o u t  
7 . 5 .  R e d u c t io ns i n  s i l i c a  u r o l i t h ia s i s  f r o m  t h e  f e e d i ng 
o f  s u p p l e m e nt a l  p h o s p h o r u s  w e r e  a c h ie v e d  w i t h b o t h d i e t s , 
in d i c a t in g  t h a t  t h e  a n t i c a l c u l o g e n i c  e f f e c t  o f  ph o s p h o r u s  
w a s  no t e n t i r e l y  d e p e n d e n t  u p o n  a n  a c i d ic u r i ne .  
MATERIALS AND METHODS 
S Y N E R GtS M OF D I ETARY P H O S PHATE A N D  U R I N E  ACI D I FYI N G  
S ALTS I N  PREVENT I N G  S ILI C A  UROLI TH I A S I S  I N  R AT S  
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I n  t he e x p e r i m e n t ,  a s u b p r o p hyl a c t i c  c o n c e n t r a t i o n  
o f  a m m o n i u m  c h l o r i d e w a s  f a c t o r e d  w i t h t h r e e  l e v e l s  o f  
s u p p l e m e n t a l  p h o s p h o r u s  t o  d e t e r m i n e  w h e t h e r  t h e  
a n t i u r o l i t h i c  e f f e c t s  o f  d i e t a r y p h o s p h a t e  a n d  ur i n a r y  
a c i d i f yi n g  s a l t  a r e  s y n e r g i s t i c .  
The m o d e l  s ys t e m  d e s c r i b e d  by E m e r i c k  e t  a l .  ( 32 )  
u s i n g  S p r a g u e - D a w l e y m a l e  r a t s  f e d  d i e t s  c o n t a i n i n g  2% o f  
( T E S )  w a s  u s e d .  O n e  h u n d r e d a n d t w e n t y m a l e  S p r a g u e -
D a w l e y r a t s  ( S a s c o , I n c . ,  O m a h a , N E ) h a v i n g  a n  i n i t i a l  
a v e r a g e  w e i g h t  o f  5 4 . 0 ± 0 . 9- g w e r e  r a n d o m l y a ll o t t e d  
a c r o s s  the  s i x  t r e a t m e n t s  i n  t h e  e x  p e r i  m e n  t .  Th e r e  w e r e  
2 0 r a t s p e r � t r e a t m e n t .  R a t s  w e r e  h o u s e d  i n  d i v i  d u a 11 y i n  
h a n g i n g  s t a i n l e s s  s t e e l  c a g e s  w i t h w i r e  m e s h f l o o r s  i n  a 
r o o m  m a i n t a i ne d  a t  23-25 °C a n d  l i g h t e d  1 2  h / d  ( 0 6 0 0 -1 8 0 0 ) .  
D e i o n i z e d  w a t e r  a n d  d i e t  w e r e  f e d  a d  l i b i tum . 
T h e  b a s a l d i e t  w a s  t h e  s a m e  a s  i n  t h e  m o d e l  s y s t e m 
d e s c r i b e d  b y  E m e r i c k  ( 3 3 )  e x c e p t  t h a t  s p r a y-d r i e d  e g g  
a l b u m i n  w a s  s u b s t i t u t e d f o r c a s e in to o b t a i n  a l o w e r  
c o n c en t r a t i o n o f  d i e t a r y p h o s p hor u s  an d t o  i n c r e a s e  u r i n e  
a lk a l i ni ty. The s p r ay- d r i e d  e g g  a l b u m i n w a s  a u t o c l a ve d  a t  
1 2 1 °C f o r  1 h a n d  d r i e d  a t  1 20 °C f o r  1 h p r i o r  t o  u s e .  
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T h e  e x p e r i m e n t a l d i e t s  a r e  s h o w n  i n  T a b l e  2 - 1 .  
A d d i t i o n s  t o  t h e b a s a l  d i e t , r e p r e s e n t i n g  t h e  d i e t a r y  
t r e a t m e n t s , w e r e  m a d e  b y  s u b s t i t u t i n g  f o r  d e x tr o s e .  A l l  
d i e t s  c o n t a i n e d  2 %  o f  T ES ( B a k e r  C h e m i c a l  C o . , 
Ph i l l i p s b u r g , N J ) .  Si x d i e t a r y  t r e a t m e n t s  w e r e  u s e d  i n  a 
2 x 3 f a c t o r i a l  a r r a n g e m e n t  w i t h  t w o  c o n c e n t r a t i o n s  o f  
a m m o n i u m  c h l o r i d e , 0 a n d  0 . 0 6 7 e q u i v a l e n t s / k g  o f  d i e t , a n d  
t h r e e  c o n c e n t r a t i o n s  o f  d i e t a r y p h o s p h o r u s , 0 ,  0 . 1 5 % a n d  
0 . 3 0 %  f r o m  N a 2 H P 0 4 • T h e  t h r e e  c o n c e n t r a t i o n s  o f  
s u p p l e m e n t a l  p h o s p h o r u s  yi e l d e d  t o ta l  d i e t a ry p h o s p h o r u s  
c o n c e n t r a t i o n s  o f  0 . 2 9 % , 0 . 4 4 %  a n d  0 . 5 9 % ,  r e s p e c ti v e l y. 
T h e  a n a l y s i s  o f  v a r i a n c e  u t i l i z e d  a m o d e l  
c o n s i s t i n g  o f  a m m o  ili u m  c h 1 o r  i d e  a n d  p h o s p h o r u s  m ai n 
e f f e c t s , an d a m m o n i u m  c h l o r i d e  x p h o s p h o r u s  i n t e r a c ti o n .  
T h e  r a t s w e r e  w e i g h e d  w e e k l y d u r i n g  th e 8 - w k  
e x p e r i m e n t� W a t e r  i n t a k e  w a s  m e a s u r e d  a t  2 ,  4 a n d  6 w k  
f o r  a 4 8 -h p e r i o d .  W a t e r  i n t a k e / 2 4  h w a s  e x p r e s s ed a s  
o n e -h a l f  o f  t h e  4 8 -h v o l u m e .  
St a i n l e s s  s t e e l  m e t a b o l i s m  c a g e s  w e r e  e m p l oye d to 
o b t a i n  2 4-h u r i n e c o l l e c t i o n s a t  3 ,  5 a n d 7 wk. Ur i n e  w a s  
c o l l e c t e d  i n  p l a s t i c  t u b e s c o n t a i n i n g 1 m l  o f  to l u e n e .  
Ur i n e p H  w a s  d e te r m i n e d  w i th a c o m b i n a ti o n g l a s s  e l e c t r o d e  
o n  t h e  f r e s h  u r i n e s .  B l o o d  sa m p l e s  w e r e  o b ta i n e d  a t  
t e r m i n a t i o n  o f  e a c h  e x p e r i m e n t  b y  c a r d i a c  p u n c t u r e  f r o m  
r a ts a n e s th e t i z e d  w i th Ha l o th a n e  ( A b b o t  La b o r a t o r i e s , 
2 0  
T a b l e 2 - 1 
D i e t C o m po s i t i o n  Fo r Ra t E x p e r i me n t  
( 1 )  ( 2 )  ( 3 )  ( 4 )  ( 5 )  ( 6 )  
I n g r e d i e n t  % % % % % % 
D e x t r o s e , 
a n hyd r ou s  6 7 . 0  6 6 . 3  6 5 . 5  6 6 . 6  6 6 . 0  6 5 . 3  
E g g  A l b um i n 2 0  2 0  2 0  2 0  2 0  2 0  
S a l t  M i x t u r e l 4 4 4 4 4 4 
V i t a m i n  M i x 2 2 2 2 2 2 2 
C o rn O i l 5 5 5 5 5 5 
TES 2 2 2 2 2 2 
N H4 C l  0 0 0 0 . 3 6 0 . 3 6 0 . 3 6 
Na 2 HP0 4 
3 0 0 . 6 9 1 . 3 7 0 0 . 6 9 1 . 3 7 
1 T h e  p e r c e n t  c o m p o s i t i o n o f  s a l t  m i x t u r e  ( S a l t  
M i x t u r e  P-H ,  I C N  Nut r i t i o n a l  B i o c h e m i c a l s , C l e v e l a n d , 
O H ) :  d i p o t a s s i u m  p h o s p h a t e , 3 2 . 2 ; c a l c i u _m c a r b o n a t e , 
3 0 . 0 ; s o d i u m  c h l o r i d e , 1 6 . 7 ; m a g n e s i u m  s u lf a t e  
( h yd r a t e ) ,  1 0 . 2 ;  m a n g a n e s e  s u l f a t e , 0 . 5 1 ;  c a l c i u m  
p h o s p h a t e m o n o h y d r a t e , 7 ._ 5 ; f e r r i c c i t r a t e , 2 • 7 5 ; 
po t a s s i u m  i o d i d e , 0 . 0 8 ; c o p p e r  s u l f a t e ,  0 . 0 3 ; z i n c 
c h l o r i d e , 0 . 0 2 5 ; c o b a l t  c h l o r i d e , 0 . 0 0 5 .  A n  
21 
( n o t e s o f  Ta b l e  2- 1 ,  c o n t i n u e d )  
a d d i t i o n a l  0 . 0 8 3  % z i n c  c h l o r i d e  w a s  a d d e d  t o  t h e  
c o m m e r c i a l l y  p r e p a r e d  s a f t m i x t u r e .  
2V i t a m i n  m i x t u r e  c o m p o s i t i o n  i n  g r a m / k g  ( V i t a m i n  d i e t  
f o r t i f i c a t i o n m i x t u r e , I CN N u t r i t i o n a l  B i o c h e m i c a l s , 
C l e v e l an d , O H ) v i t a m i n  A ,  4 . 5 ; v i t a m i n  D ,  0 . 25 ;  a l p h a  
t o c o p h e r o l ,  5 . 0 ;  a s c o r b i c  a c i d , 4 5 ; i n o s i t o l , 5 . 0 ;  
c h o l i n e  c h l o r i d e , 7 5 ;  m e n a d i o n e , 2. 25 ;  p- a m i n o b e n z o i c  
a c i d , 5 . 0 ; n i a c i n ,  4 . 5 ;  r i b o f l a v i n , 1 . 0 ;  p y r i d o x i n e , 
h yd r o c h l o r i d e ,  1 . 0 ;  t h i a m i n e  h yd r o c h l o r i d e , 1 . 0 ;  
c a l c i u m p a n t o t h e n a t e ,  3 . 0 ; b i o t i n ,  0 . 20 ;  f o l i c a c i d , 
0 • 9 0 ; v i t a m i n B1 2 , 0 • 0 0 1 3 5 • 
3 0 . 6 8 7 %  N a 2H P 0 4 i s  e q u i v a l e n t  t o  0 . 1 5 % p h o s p h o r u s  
a d d e d  t o  d i e t ; 1 . 3 7 4  % N a 2H P 0 4 i s  e q u i v a l e n t  t o  0 . 3 0 %  
p h o s p h o r u s  a d d e d  t o  d i e t .  
* * * 
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C h i c a g o , I L ) .  B l o o d  w a s  p l a c e d  i n  h e p a r i n i ze d t u b e s .  
P l a s m a  w a s  r e m o v e d  by c e n t r i f u g a t i o n a n d  s t o r e d  a t  - 2 5 °C 
u n t i l  a n a l y z e d .  T h e  r a t s ) w e r e  k i l le d  b y  e x c e s s  
a n e s t h e t i z a t i o n , a n d t h e  u r i n a r y b l a d d e r  a n d  k i d n e ys o f  
e a c h  r a t  w e r e  e x a m i n e d  f o r  t h e  p r e s e n c e  o f  u r o l i t h s .  
U r o l i t h s  w e r e  c l e a n e d , a i r - d r i e d , w e i g h e d , a n d 
p o o l e d  by t r e a t m e n t  f o r  a n a l ys i s .  T e n - m g  p owd e r e d  c a l c u l i  
s a m p l e s  w e r e  p l a c e d  i n  p l a t i n u m  c r u c i b l e s  p r e v i o u s l y 
c l e a n e d  w i t h m o l t e n  s o d i u m  c a r b o na t e ,  a n d  t h ey w e r e  as h e d  
o v e r  a b u n s e n  b u r n e r .  T h e  a s h e d  s a m p l e s  w e r e  f u s e d  w i t h  
0 . 5  g o f  s o d i u m c a r b o n a t e .  A f t e r  c o o l i n g ,  t h e  m e l t  w a s  
d i s s o l v e d  i n  1 0  m l  o f  w a t e r  a n d  a m i n i mu m o f  H C l .  
A l i q u o t s  w e r e  r e m o v e d  a n d  a n a l y z e d  f o r  s i l i c a  b y  t h e  
m e t h o d  d e s c r i b e d  b e l o w  f o r  u r i rie s i l i c a .  
Cal c i u m  an d m a g n e s i u m  c on c e n t r a t i o n s  in u r i n e an d 
pl a s m a  w e r e  d e t e r m i n e d  by at o m i c  a b s o r p t i o n  s p e c t r o p h o t o ­
m e t r y ( P e r k i n - E l m e r  m o d e l  5 0 3 ,  N o r w a l k , C T )  i n  t h e  
p r e s e n c e o f  0 . 5 %  ( w / v )  l a n t h a n u m .  U r i n e  s i l i c a  w a s  
m e a s u r e d  b y  a s i l i c o m o l y b d a t e  m e t h o d  a s  m o d i f i e d  b y  
E m e r i c k ( 3 2 ) .  Ur i n e  a n d  p l a s m a ph o s p h o r u s  w ere d e t e r m i n e d  
u s i n g  t h e  F i s k e  an d S u b b a r o w  p h o s p h o m o l yb dat e m e t h o d  ( 7 1 ) . 
I N  V I TRO STUD I E S  O N  T H E  EFFECT O F  PHO S PHORUS ON 
P R EC I P I TATION O F  A PO L Y S I L I C I C  A C I D-PROTEIN C O M PLEX 
T h e  e f f e c t  o f  p h o s p h o r u s  o n  p r e c i pit at i o n  o f  a 
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p o l y s i l i c i c  a c i d - p r o t e i n  c o m p l e x w a s  s t u d i e d  w i t h f o u r  
c o n c e n t r a t i o n s  o f  p h o s p h o r u s  a n d  t h r e e  p H  l e v e l s  a t  a 
c o n s t a n t  i o n i c  s t r e n gt h . ) 
I n  t h e  e x p e r i m e n t , t h e  p r o t e i n  s o u r c e  w a s  b o v i n e  
s e r u m  a l b u m i n  ( c r y s t a l l i z e d  a n d  l y o p h i l i z e d , S i g m a  
C h e m i c a l  C o . , S t .  L o u i s ,  M O ) .  T h e s t o c k  s o l u t i o n s  o f  p H  
6 . 0 , 6 . 5  a n d  7 . 0 p h o s p h a t e  b u f f e r s w e r e  p r �d u c e d  s o  t h a t  
w h e n  t h e y w e r e  d i l u t e d  1 : 2 0 w i t h t h e  s i l i c a  s o l u t i o n , a 
c o n s t a n t  i o n i c  s t r e n g t h  o f  0 . 1 7 2 4  N w a s  o b t a i n e d .  
C o n c e n t r a t i o n s  o f  t h e  m o n o b a s i c  s o d i u m  p h o s p h a t e  
m o n o h y d r a t e  a n d  d i b a s i c  s o d i u m p h o s p h a t e  s a l t s  i n  t h e  
s t o c k  b u f f e r  s o l u t i o n s  a r e  s h o w n  i n  T a b l e  2 - 2 . 
B y  a c i d  h y d r o l y s i s  o f  T E S  ( J .  T .  B a k e r  C h e m i c a l  
C o . , P h i l l i p s b u r g ,  NJ 0 8 8 6 5 )  �t p H  3 ( 0 . 0 0 1 N H C l ) ,  a 6 0 0  
p p m  S i 0 2 s o l u t i o n  w a s  p r e p a r e d  f o r  u s e  a s  a s o u r c e  o f  
s i l i c a  i n  t�i s  s t u d y .  The  l e v e l  w a s  e s t a b l i s h e d  ba sed o n  
p r e v i o u s  r a t  s t u d i e s  t h a t  s h o w e d  t h e u r i n e o f  T E S - f e d  rat s 
t o  c o n t a i n  a b o u t  6 0 0  p p m  S i 0 2 • T h e  S i 0 2 s o l u t i o n  w a s 
n e u t r a l i z e d  t o  a p H  o f  7 . 0 w i t h  0 . 1 N NaOH , a n d  s i l i c a  wa s 
a l l o w e d  t o  p o l y m e r i z e  o v e r n i g h t .  
F o u r  c o n c e n t r a t i o n s  o f  ph o s p h a t e  in c l u d i n g  0 . 1 7 2 4 ,  
0 . 0 8 6 2 , 0 . 0 4 3 1  a n d  0 . 0 2 1 6  N w e r e s t u d i e d  a t  p H  6 . 0 , 6 . 5  
a n d  7 . 0 .  T h e  m o s t  c o n c e n t r a t e d  p h o s p h at e s o l u t i o n  w a s 
o b t a i n e d  b y  d i l u t i n g  3 m l  o f  t h e  a p p r o p r ia t e  s t o c k  
p h o s p h a t e  s o l u t i o n  f o r  t h e  d e s i r e d  p H  w i t h  5 7  m l  o f  t h e  
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a g e d S i 0 2 s o l ut i o n .  T h e  m o r e  d i l u t e  p h o s p hat e s o l u t i o n s  
w e r e  o b t a i n e d  b y  r e p l a c i n g  a p o r t i o n  o f  t h e  3 m l  ph o s p h a t e  
s o l ut i on w i t h  an e q ua l  vo l u m e)o f  t h e  3 . 4 5  N N a C l  s o l u t i o n .  
T h i s  p r o c e d u r e  p r o vi d e d  a c o n s t a n t  i o n i c  s t r e n g t h  o f  
0 . 1 7 2 4  e q u i v a l e n t s/1 i n  a l l  r e a c t i o n  m i x t u r e s .  T h e  
r e a c t i o n  m i x t u r e s  u s e d  i n  t h i s e x p e r i m e n t  ar e s h o w n  i n  
Tab l e 2 - 3 .  
A l l r e a c t i o n s  w e r e  c o n d u c t e d  i n  g l a s s f l a s k s .  
Whe n  n e c e s s a r y ,  s o l ut i o n s  w e r e  a d ju s t e d  t o  t h e  c o r r e c t  p H  
w i t h  d i l u t e  N a OH o r  H C l a t  t h e  s t a r t  o f  e a c h  t r i a l .  
D u p l i c a t e 1 0  m l  a l i q u o t s o f  e a c h  o f  t he r e ac t i o n  m i x t u r e s  
w e r e  m i x e d  w i t h  1 . 0 m l  o f  1 %  b o vi n e  s e r u m  al b u m i n .  T h e  
m i x tur e w a s  s h ak e n , a n d  a f t e r  1 5  m i n t u r b i d i t y w a s  
m e a su r e d  i n  a s p e c t r o ph o t o m e t e r  ( S p e c t r o n i c  88 , Bau s c h  a n d  
L o m b ,  R o c h e s t e r , N Y )  a t  a w a ve l e n g t h  o f  4 4 0  n m .  
DEVELOP M ENT O F  A SHEEP M OD E L  F O R  
T H E  S TU D Y  O F  S I L I C A UR I NA R Y  C ALCUL I  
Th i s  e x p e r i m e n t  r e p r e s en t s  a n  at t e m p t t o  d e v e l o p  a 
r um i n a n t  m o d e l  f o r  f u t u r e  s t u d i e s  o f  s i l i ca uro l i t h i a s i s . 
S i x t y s i x  l a m b s , i nit i al a ve r a g e  w eig h t  o f  3 9 . 1 + 
4 . 5  k g ,  w e r e  u s e d  a s  e x p e r i m e n t a l  a n i m a l s . The e x p e r i m e n t  
w a s  c o n d u c t e d  d u r i n g  s u m m e r , f r om Ju l y  t o  S e p t e m b e r , 1 9 8 6 .  
T h e  l a m b s w e r e  r an d o m l y a l l o t t e d  t o  s ix o u t d o o r  p e n s  
r e p r e s e n t i n g  t h r e e  t r e a t m e n t s .  T h e r e  we r e  22 lam b s  p e r 
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T a b l e 2 - 2  
C o m p o s i t i o n  o f  t h e  S t o c k  B u f f e r  S o l ut i o n s  
p H  
6 . 0  
6 . 5  
7 . 0 
N a 2 HP04 
( g / lO O m l )  
5 . 2 9 
9 . 8 0 
1 3 . 5 0 
Ta b l e 2 - 3  
N a H 2 Po4 . H 2 0 
( g /lOO m l ) 
3 2  . • 1 5  
1 8 . 9 0 
8 . 2 0 
C o m p o s i t i o n  o f  t h e R e a c t i o n  M i x t u r e s  
S o d i um p h o s p ha t e  6 0 0  p p m 
i o n i c  s t r e n g t h  s i l i c i c  a c i d  
( N )  ( m l ) 
0 . 1 7 2 4  5 7  
0 . 0 8 6 2  5 7  
0 . 0 4 3 1 5 7  
0 . 0 2 1 6  5 7  
1 N a C l  s t o c k  s o l u t i o n  w a s  3 . 4 5 N .  
2on e o f  t h r e e  s t o c k  s o l u t i o n s  w a s  
t h e d e s i r e d  p H . 
* * 
S t o c k  S t o c k  
N a C l  p h o s p h a t � 
s o l u t i o n 1 s o l u t i o n  
( m l ) ( m l ) 
0 . 0  3 . "0 
1 . 5 1 . 5  
2 . 2 5 0 . 7 5 
2 . 6 2 5 0 . 3 7 5  
u s e d  d e p e n d i n g  o n  
* 
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t r e a t m e n t  a n d  1 1  l a m b s  p e r  p e n .  S i x  p e n s  ·w e r e  i n  a s i n g l e  
r o w  f r o m  s o u t h  t o  n o r t h .  E a c h  p e n  h a d  24 m 2 i n  a r e a  a n d  
4.9 m 2 f o r  f e e d  b u n k  s p a c e .  
T h e  d i e t  w a s  t h e s a m e  f o r  a l l  p e n s  a n d  t h e  
c o m po s i t i o n  i s  s h o w n  i n  T a b l e  2 - 4 .  
T h e  d i e t w a s  f e d  a d  l i b i t u m  w i t h a n  a v e r a g e  d a i l y  
c o n s u m p t i o n  o f  1 . 2 4  k g  p e r  s h e e p . T h e  t r e a t m e n t s  
c o n s i s t e d  o f  a c i d i c  d r i n k i n g  w a t e r s  c o n t a i n i n g  3 l e v e l s  o f  
s i l i c i c  a c i d  ( 0  p p m ,  1 5 0 0  p p m  a n d  3 0 0 0  p p m  c a l c u l a t e d  a s  
S i 0 2 ) .  T h e  w a t e r s  w e r e  p r e p a r e d  d a i l y .  F o r  t h e  c o n t r o l  
g r o u p  ( 0  p p m  S i 0 2 t r e a t m e n t ) , 6 8 1 m l  1 N  H2so4 w a s  a d d e d  
t o  1 5 0 L o f  B r o o k i n g s  c i t y  w a t e r  t o  a t t a i n  a p H  o f  3 . 0 .  
F o r  t h e 3 0 0 0  p p m  S i 0 2 t r e a t m e n t ,  6 8 1 m l  1 N  H2so4 a n d  
1 . 6 7  L t e t r a e t h y l o r t h o s i l i c a t e  · ( TES ) ( Ba k e r  Che m i c a ·l C o . ,  
P h i l l i p s b u r g , NJ ) w e r e  a d d e d  t o  1 5 0 L B r o o k i n g s  c i t y w a t e r  
a n d  s t i r r e d  w i t h  a n  e l e c t r i c  s t i r r e r  f o r  a p p r o x i m a t e l y  2 
h o u r s  u n t i l  h y d r o l y s i s  w a s  c o m pl e t e .  T h i s p r o v i d e d  wa t e r  
h a v i n g  3 0 0 0  p p m  o f  m o l y b d a t e - r e a c t i v e  s i l i c a  a n d  a p H  o f  
3 . 0 .  T o  o b t a i n  t h e 1 5 0 0  p p m  S i 0 2 t r e a t m e n t  w a t e r , e q u a l  
a m o u n t s  o f  t h e  0 a n d  3 0 0 0  p p m  S i 0 2 d r i n k i n g  ·w a t e r s  w e r e  
m i x e d  t o g e t h e r . T h e  d r i n k i n g  w a t e r s  w e r e  g i v e n  a d  
l i b i t u m .  W a t e r  i n t a k e  w a s  m e a s u r e d  f o r  e a c h  p e n  o n  a 
w e e k l y  ba s i s  t hr o u g h o u t  t h e e x p e r i m e n t a l  p e r i o d , a n d  t h e  
a v e r a g e  da i l y i n t a k e  wa s c a l c u l a t e d .  
M e t a b o l i s m  c a g e s  w e r e  e m p l o y e d  t o  o b t ai n 24-h 
Ta b l e 2 - 4  
C o m p o s i t i o n o f  D i e t  f o 7 S h e e p  E x p e r i m e n t 1 
I n g r e d i e n t  
B r o me g r a s s h a y  
C o r n  
U r e a  
L i me s t o n e  
Tr a c e  m i n e r a l ize d  s a l t  
Mo l a s s e s  
V i t a m i n s  A ,  D a n d  E 2 
P e r c e n t  
6 0 . 0  
3 7 . 1  
1 . 0 
0 . 1  
0 . 3  
1 . 5  
+ 
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1 B r o m e g r a s s  a n d  t h e  c o n c e n t r a t e  p o r t i o n s  o f  t h e  d i e t  
w e r e  f � d  t o g e t h e r  i n  t h e  s a m e  b u n k  w i t h o u t  d e l i b e rat e 
m i x i n g . 
2 V i t a m i n  p r e m i x p r o v i d e d  t h e  f o l l o w i n g  p e r  k g  o f  t h e  
c o n c e n t r a t e  p o r t i o n  o f  t h e d i e t : 2 4 2 3  I U  v i t a m i n  A ,  
4 8 5  I U  v i t a m i n D ,  0 . 2 4  I U  v i t a m i n  E .  
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u r i n e c o l l e c t i o n s  d u r i n g  t h e  t h i r d , f i f t h
. 
a n d  e i g h t h  w e e k s  
o f  t h e e x p e r i m e n t .  F o u r  l a m b s  p e r  p e n  a t  t h e  t h i r d  a n d  
f i f t h  w e e k s  a n d  e i g h t  l a m b s )p e r  p e n  a t  t h e  e i g h t h  w e e k  
w e r e  r a n d o m ly c h o s e n  f o r t h e  u r i n e c o l l e c t i o n s .  T h e  u r i n e  
s a m p l e s  w e r e  c o l l e c t e d  i n  p l a s t i c  p a i l s  c o n t a i n i n g  t o l u e n e  
a n d  w e r e  f i l t e r e d  t h r o u g h f o u r  l aye r s  o f  c he e s e  c l o t h .  
A t  t h e e n d  o f  t h e  e x p e r i m e n t a l  p e r i o d , b l o o d  
s a m p l e s  w e r e  o b t a i n e d  f r o m  a l l  l a m b s  b y  ju g u l a r  v e i n  
p u n c t u r e .  T h e  b l o o d w a s h e p a r i n i z e d , a n d  p l a s m a  w a s  
s e p a r a t e d  a n d  s t o r e d  f r o z e n  f o r  l a t e r  a n a lys i s .  A l l  l a m b s  
w e r e  k i l l e d  a t  a n  a r e a  p a c k i n g  p l a n t  a n d  t h e u r i n a r y 
b l a d d e r s  a n d  k i d n e ys w e r e  o p e n e d  a n d  e x a m i n e d  f o r  t h e  
p r e s e n c e  o f  c a l c u l i .  T h e  c a l c u l i  w e r e  c l e a n e d , a i r - d r -i e d  
a n d  w e i g h e d  b e f o r e  f ur t h e r a n a l ys i s .  
Ur i n e p H  w a s  d e t e r m i n e d  w i t h  a c o m b i n a t i o n g l a s s  
e l e c t r o d e .  -Ur i n e  s a m p l e s  w e r e  a n a l yz e d  f o r  t o t a l  s i l i c a 
b y  t h e s i l i c o m o l yb d a t e  m e t h o d  d e s c r i b e d  f o r  t h e_ r a t  
e x p e r i m e n t .  F o r t h e  u r i n e a n d  b l o o d  p l a s m a , p h o s p h a t e  w a s  
d e t e r m i n e d  b y  t h e p h o s p h o m o l yb d a t e  me t h o d  o f  F i s k e� a n d  
S u b ba r o w  ( 7 1 ) ,  a n d  c a l c i u m  a n d  m a g n e s i u m  w e r ·e d e t e r m i n e d  
b y  a t o m i c  a b s o r p t i o n s p e c t r o s c o py i n  t h e  p r e s e n c e  o f  0 . 5 %  
l a n t ha n um . 
U r i n a r y  c a l c u l i , p o o l e d  ·by t r e a t m e n t  g r o u p s , w e r e  
a n a l y z e d  f o r  p e r c e n t  a s h a n d  p e r c e n t  s i l i c a  o f  t h e  a s h .  
S i l i c a  was d e t e r m i n e d o n  1 0 - m g  s amp l e s  o f  t h e  p o o l e d  
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c a l c u l i  b y  t he s a m e  m e t h o d  u s e d  i n  t h e  r a t  e x p e r i m e n t .  
D a t a  f o r  i n c i d e n c e  o f  u r i na r y  c a l c u l i  w e r e  
a na l y z e d  b y  c h i - s q u a r e . A l l  o � h e r  d a t a  w e r e  s t a t i s t i c a l l y 
a n a l y z e d  b y  l e a s t  s q u a r e s  m e a n s  a n a l y s i s  o f  v a r i a n c e .  
U r i n e d a t a  f o r  t h e t h r e e  c o l l e c t i o n  p e r i o d s  w e r e  p o o l e d  
f o r  s t a t i s t i c a l  a n a l y s i s . 
D u r i n g  t h e  e x p e r i m e n t a l  p e r i o d , t w o  l a m b s  i n  o n e  
p e n  o f  t h e 1 5 0 0  p p m  S i 0 2 t r e a t m e nt 
u nr e l a t e d  t o  t h e  e x p e r i m e n t .  
d i e d  f r o m  c a u s e s  
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RESULTS AND DISCUSSION 
SYNERGISM OF DIETARY PHOSPHATE AND URINE ACIDIFYING - --
SALTS IN PREVENTING SILICA UROtiTHIASIS IN RATS 
Da t a  f r o m  t h i s e x p e r i m e n t  a r e  s h o w n  i n  Ta b l e  3 - 1 .  
E m e r i c k a n d  Lu f o u n d  0 . 1 0  e q u i v a l e n t s / kg d i e t o f  a m m o n i u m 
c h l o r i d e  w a s  t h e  m i n i m u m  e f f e c t i v e  c o n c e n t r a t i o n  f o r  
r e duc t i o n  o f  s i l i c a u r o l i t h  f o r m a t i o n  i n  t h e  r a t  mo d e l  
( 3 5 ) .  T h e r e f o r e , t h e  c o n c e n t r a t i o n o f  0 . 0 6 7  
e q u i v a l e n t s / kg d i e t  o f  a m m o n i u m  c h l o r i d e , f a c t o r e d  w i t h  
t hr e e l e v e l s o f  d i e t a r y  p h o s p h o r u s  s u p p l e m e n t a t i o n  i n  t h i s  
e x p e r i m e n t , w a s s e l e c t e d  a s  b e i n g  b e l o w  t h e m i n i m u m 
e f f e c t i v e  c o n c e n t r a t i o n f o r r e d u c t i o n  o f  s i l i c a  
u r o l i t h i a s i s .  T h i s l o w  l e v e l  o f  a m m o n i u m  c h l o r i d e , 
w i t h o u t  t h e  a d d i t i o n of s u p p l e m e n t a l  p h o s p h o r u s , a g a i n  
f a i l e d  t o  r e d u c e  t h e i n c i d e n c e  o r  w e i g h t  o f  s i l i c a  
ur o l i t h s .  N o n e  o f  t h e  t r e a t m e n t s  h a d a n  e f f e c t  o n  w e i g h t  
g a i n s  d u r i n g  t h e 8 - w e e k  e x p e r i m e n t a l  p e r i o d .  U r o l i t h s  
f r o m  a l l  g r o u p s  w e r e  f o u n d  t o  c o n t a i n 7 9 %  a s h a n d  t o  h a v e  
s i l ic a  c o n t e n t s  a p p r o x i m a t i n g  1 0 0  % o f  t h e  a s h .  
U r i n a r y  p H  w a s  d e c r e a s e d ( p  < 0 . 0 1 )  b y  d i e t a r y  
a m m o n i u m  c h l o r i d e .  M e a n u r i n a r y  p H  v a l u e s  o f  a l l  a m m o n i u m  
c h l o r i d e  t r e a t m e n t s  w e r e  7 . 1 4 - 7 . 1 6 ,  a n d  t r e a t m e n t s  w i t h o u t  
a m m o n i u m  c h l o r i d e  h a d  m e a n p H  v a l ue s  o f  7 . 4 4 - 7 . 5 3 .  
S u p p l e m e n t a l  p h o s p h o r u s  h a d  n o  s i g n if i c a n t e f fe c t  o n  
Tab l �. 3- 1 . E f f e c t  o f  S u p p l e me n t a l  Na 2 HP 04 f a c t o r e d  w i t h  NH4 C l  
1 •2 •3 · 
Wt g a i n , g 
2 8  d ays 
56 days 
· Wa t e r  i n t ake 8ml /24 hr 
Ur i ne d a t a  
Vo l ume , bml /24 hr 
p Hc 
S i 02 , 
d mg /d l  
0 NH4C l  0. 06 7  e q u i v  N H4C l  
----------------------- ---------------------
0% p 0. 1 5 % p 0. 3 0% p 0% p 0. 1 5 % p 0. 30% p 
1 5 3 . 2  1 5 1 . 2  1 58 . 4  1 5 8 . 4  1 5 0. 3  1 5 3 . 7  
2 4 2 . 1 1 2 3 1 . 6  2 4 8 . 0  2 5 6 . 8  2 3 5 . 7  2 4 0. 1 
34 . 4  3 6 . 5  4 0. 4  3 6 . 6  3 5 . 2  3 7. 0 
2 2 . 7  2 6 . 3  2 5 . 1  2 1 . 3  2 6 . 0  2 6 . 1  
7. 5 3  7. 44  7 . 4 5 7. 1 6  7. 1 5  7. 1 4  
6 0. 2 i 51 . 3 j 6 0. 4 i 6 0. 7k 5 8 . 4km so . s m 
S E  
4 . 4  
8 . 8  
1 . 2 
1 . 7 
0. 03 
3 . 0  
Calc i u m , e , f m g /d l  1 2 . 9  8 . 8  s.s 1 6 . 2  6 . 7  6 . 8 '- 1 . 1  
Ma g ne s ium , emg /d l  2 7. 7 2 2 . 0  1 9 . 8  2 8 . 2  2 0. 4  1 9 . 3  1 . 7  
Pho s p h o rus , &m g /d l  4 0. 5 9 8 . 9  1 6 7. 4  44 . 8  9 7. 6  1 6 4 . 0  6 . 7  
Blo o d  p l a s ma 
Ca l c i um , m g /d l  1 0. 1 9 . 8  1 0. 1 1 0. 3  1 0. 3  "1 0.  3 0. 09 
Ma g n e s i u m , m g /d l  1 . 8 1 . 7  1 . 8 1 . 8 1 . 8 1 . 8 o.os 
Ph o s pho r u s , m g /d l  6 . 9  6 . 9  7. 4 7. 3 7. 3 7. 6 0. 2 1  
Ur o l i t h  i n c i d e n c e  1 0 /2 0i 5 /2 01 2 /2 0j 8 /2 0k 0 /2 0m 0 /2 0m 
Ur o l i t h  wt , hmg 1 3. 0  6 . 6  1 . 5  9 . 1  -- -- 1 . 9 (..t.) 
...-.a 
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(Notes for Table 3-1, continued) 
1Basal diet contained 0.29% phosphorus and 0.51% 
calciu m; phosphoru s J l evel s  (0, 0.15 and 0.30%) 
indicated in treatment headings are from additional 
Na2HP04• 
2Initially 20 rats per treatment, average wt 
= 54.0 ± 0.9 g. 3statistical effects are by analysis 
of variance: a Phosphoru s effect, P<O.OS; 0.30% 
differs from 0% and 0.15%. bPhosphorus effect, 
P<0.05; 0.15% and 0.30% differs from 0.%. cNH4Cl 
effect, P<0.01. dPhosphoru s x NH4Cl interaction, 
P<0.01. ePhosphorus effect, P<0.01; 0.15% and 0.30% 
differ from 0%. £Phosphoru s x NH4Cl interaction, 
P<O.OS. 8Phosphorus effect, P<0.01; each level 
differs from all others. hPhosphorus effect, P<0.05; 
0.3% differs from 0%. i,j,k,mMeans within the same 
-
NH4Cl treatment not sharing a common superscript 
differ by the method of least significant differences 
except urolith incidences which differ by Chi-Square 
orthogonal analysis, P<0.05. 
* * * 
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urinary pH (Table 3-1). Thus, when compared with the SO% 
u r o 1 i t h i n c i d e .n c e i n t h e c o n t r o 1 g r o u p ( n o a d d e d 
phosphorus or ammonium chlfride ), reductions to 25% 
incidence by 0.15% added phosphorus ( P  = 0.08) and to 10% 
incidence by 0.30% added phosphorus ( P  < 0.05) can not be 
attributed to differences in urinary pH. Ho wever, an 
a bs e n c e  of ur o li t h s  i n  r a t s  f e d  0.15% or 0 . 3 0 %  
supplemental phosphorus i n  combination with ammoniu m 
chloride indicates a greater antiurolith effectiveness for 
supplemental phosphorus when fed under conditions that 
also reduce urinary pH. 
Ammonium chloride had no effect on water intake or 
urine volume. Rats fed 0.30% supplemental phosphorus had 
an average water intake that · was 109% ( P  < 0.05) �f the 
value for the control group. Average urine volume for 
the 0.15% phosphorus treatments was 119% and for 0.30% 
phosphorus it was 116% of the control value ( P  < 0�05). 
The increased urine volume associated with the feeding of 
supple mental phosphorus may have be en partia l l y  
responsible for its antiurolithic effectiveness in this 
instance. Ho wever, lo wer silica urolith incidences 
attributed to phosphorus su pplementation in past rat 
experiments were not associated - with larger urine volumes 
( 3 3 ,  80). 
Compared to the control group fed no supplemental 
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phosphor us, a lowe r u rinary silica concentration occu r r ed 
in the 0 . 1 5 % phospho r u s  g r ou p  in the absence of ammoniu m  
chlo r ide ( P  < 0 . 0 1 )  and in th' 0 . 3 0 % phosphor us g r oup in 
its pr esence ( P  < 0 . 0 1 ) . No consistent r elationship 
between u rinary silica concentration and u rolith incidence 
was apparent in the instance. 
Supplemental phosphor us lower ed ( P  < 0 . 0 1 ) u rinary 
calciu m and magn e s i u m  conc en t r ations an d in c r e ase d 
( P  < 0 . 0 1 )  u r ina r y  phospho r u s. No ammoniu m chlor ide 
effect on u rinary calcium concentration was obser ved, and 
supple mental phosphor u s appea r ed to be abou t equally 
effecti ve in r educing u r ina r y  calcium concent r ations in 
the pr esence as in the absence of ammonium chloride. 
Based on the data f r om this expe riment, it is 
concluded that supplemental dietary phosphate and u rinary 
a c i d i f y i n g _s a 1 t s i n d e p e n d e n t 1 y r e d u c e s i 1 i c a u r o 1 i t h 
formation and their effects appear to be syner gistic. 
Urinary effects obse r ved in this expe rim ent that 
may translate into r educed silica u rolith for m ation 
incl u d e a l o w e r pH d u e to t he fe e ding o f  a m m on i u m 
chlo r i d e , and l o we r c alciu m and ma g nesiu m an d hi g he r  
phosphor us concentrations from the fee ding of supple m ental 
phospho rus . The impo r tan c e  of sili c a  c on c e n t r ation an d 
ioni c st r ength of the so l ution to sili ca poly me r i z ation 
( 4 3 ) , and the refore to u rolith d e velopment , is a foregone 
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conclusion. 
R i cha rdson ( 77) has i nd i cated that i n i tial steps 
of silica polymer i zation, i .e. � monomer ic silica forming a 
polymer ic sol, are . more rapid at pH values approx imating 
7- 9 ,  but that gelation from the polymer ic sol may req u i re 
a pH less than 7. Prote ins pr esent in ur ine combine with 
polys i l icic ac i ds to for m  i nsoluble complex es ( 8 , 5 1 ) . 
Silica urol iths contain proteinous matrix mate rials, and 
pr eci pi tat i on of polys i l i c i c  ac i d-pr ote in complexes has 
b e en i nd i cated as a pos s i bl e  me chan i s m fo r the i r  
fo r mat i on. W e  postulate that mate r ials contr ibuting to 
ur ine acidif ication tend to r educe the init i al rate of 
polys i l icic ac i d  fo r mat i on, and that urina r y  phosphor u s 
has an inhibitory effect upon the formation of polysil icic 
aci d-pr ote in complex es, the extent of the inh i b i tion 
depending somewhat on pH. 
IN VITRO STUDIES ON THE EFFECT OF PHOSPHORUS ON 
PRECIPITATION OF A POLYSILICIC ACID- PROTEIN COM PLEX - -
The amount of precipi tate formed in this study was 
assume d  to b e  p r opo r tional to the light abso r bance 
measu red by a spectrophotomete r at 440 nm. 
Table 3 - 2 and Figur e 3 - 1 sho w the quanti t ies of 
polysilicic ac id-pr otein complex for med in sol u tions 
va r y ing in phospho rus concent r ation and pH. P r otein-
1 . 0 
0 . 7 
0 . 5 
0 . 3  
0 . 1  
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) 
pH 6 . 0 
� . .  
------- ---
----s-. . .__ 
pH 6 . 5 
pH 7 . 0  
0 . 0 2 16 0 . 04 3 1  0 . 0 862 0 . 0 1 724 
Phosphat e Concentrations 
Figure 3 - 1 .  Phospha t e  inhi b i t ion of t urb i d i t y fro m 
polysilicic acid -prot ein complex formation at various 
pH values. 
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polys i licic aci d complex format i o n  was n egli g i ble at pH 
7 . 0  (mean l i ght absorbance < 0 . 0 1 5 ) an d was hi ghest at pH 
6 . 0  (mean l i ght absorbance ) > 0 . 6 6 9 ) .  Althou gh l i ght 
absorbance in solutions at pH 6 . 0 was decreased (P < 0 . 0 1 )  
by i ncreas i n g  the phosphorus concentration , the d ifference 
was s l i g ht d ue to h i g h pr ec i p i tat i o n i n  all of the 
reaction mixtures at this pH. These data are in agreement 
w i th those obta i n e d  by Schre i er ( 7 9 )  who foun d that the 
amou n t  of prec i p i tate for m e d  was h i ghest at a pH of 6 . 0  
with a mean light absorbance of 0 . 7 5 0 .  
The F igure 3- 1 shows the optimum pH for phosphorus 
i nhibition of the polysilicic aci d -prote in complex to be 
pH 6 . 5 .  At that pH, large d i ffer e nces ex iste d amon g the 
fou r  phosphorus conce n trat i o ns regar d i n g the ir capaci ty 
for preventi ng formation of the insoluble complex. At the 
0 . 0 2 1 6  N phospha t e  conce n trat i on , there was a h i g h 
turbi d i ty with a mean l i ght absorbance of 0 . 5 6 0 , but at a 
phosphorus conce n trat i o n  of 0 . 1 7 2 4 N there was a lo w 
turbi d i ty w i th a mea n l i ght absorbance o f  o n ly 0 . 0 1 5  
i n d icating minimal prote in and polysil icic acid copreci �i ­
tat i o n. Also, there was a co ns i stent cur vi l i near effect 
between these two extreme phosphorus concentrations . 
Polys i l icic aci d  i s  a Le w i s  acid an d i nteracts 
w i th a nu mber of Le w i s  bases , such as some compou n d s 
co n ta i n i n g  acti ve, lone pa i r  electrons on oxygen or 
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nitrogen. Bai l e y  (8) suggested that the interaction 
between protein and polymerized silicic acid is probably 
d u e t o t he f o r m at i on o f h y dft" o g e n b o n d i n g b e t w e e n t h e 
silanol gr oups of the silicic acid po l y mers and the 
secondary amide groups of the protein. 
Pho sphate inhibition of the pro t ein-p o l ysi l icic 
acid complex is consistent w ith the results of the in 
vi vo rat stu dy in which supp l e m enta l  dietary phospho r u s  
reduced the incidence of silica urinary calculi. Also, if 
Baile y ' s suggesti on is correct, the effect of phosphate 
here may involve hydrogen bonding with the secondary amide 
groups of the pro tein, thus blocking the formati on of 
polysilicic acid-protein complex. 
DEVELOPMENT OF A SHEEP MODEL FOR - - --
THE STUDY OF SILICA URINARY CALCULI 
Attempts to experi m enta l l y  produce si l iceou s 
urinar y calculi thr ough the feeding of inorganic si l ic a  
sources ha ve generall y b e en uns u cce ssfu l ( 2 0 , 31) . 
Although silice ous urinary calculi have been successfull y  
produced in rats by feeding a diet cont aining 2 %  TES (30), 
attempts by Schreier and E m erick ( unpu blished d a ta) t o  
feed she ep diets con t aining T ES sho w ed i t  t o  b e  t oxic. 
T his was belie v ed t o  be d u e  t o  abs orption of the in t act 
TES from the ru men before it reached the gastric abo m asum 
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w h e r e  h y d r o l y s i s  w o u l d  o c c u r .  T h e  e x p e r i m e n t  � e s c r i b e d  
h e r e  r e p r e s e n t s  a m e t h o d  t o  e x p e r i m e n t a l l y  p r o d u c e 
s i l i c e o u s  u r i n a r y  c a l c u l i  � n  s h e e p  b y  g i v i n g  s i l i c a  
d r i n k i n g  w a t e r  pr e p a r e d b y  t he a c i d  h y d r o l y s i s  o f  TE S .  
T h e  s i l i c e o u s  d r i n k i n g  w a t e r s  i n i t i a l l y  h a d 
c o n c en t r a t i o n s  o f  1 5 0 0  p p m  a n d  3 0 0 0  p p m  m o l y b d a t e - r e a c t i v e  
s i l i c a , r e s p e c t i v e l y ,  a n d  t h e  c o n c e n t r a t i o n s  d e c r e a s e d  d u e  
t o  s i l i c a  p o l y m e r i z a t i o n , w h i c h  i n  t u r n  w a s  be l i e v e d  t o  b e  
d u e  t o  t h e f a i r l y  h i g h i o n i c  s t r e n g t h  o f  B r o o k i n g s c i t y  
w a t e r .  T h e  r a t e  o f  d e c r e a s e  o f  t h e  c o n c e n t r a t i o n s  o f  
m o l y b d a t e - r e a c t i v e s i l i c a  c a n  b e  s e e n  i n  F i g u r e  3 - 2 .  
T w e n t y - f o u r  h o u r s a f t e r  p r e p a r a t i o n , t h e  c o n c e n t r a t i o n s  o f  
m o l y b d a t e - r e a c t i v e s i l i c a  w e r e  1 0 4 4  p p m  a n d  1 2 0 4  p p m , 
r e s p e c t i v e l y , f o r  t h e  t w o h i g h- s i l i c a  w a t e r s .  
D a t a  f r o m  t h e e x p e r i m e n t  a r e  s h o w n  i n  T a b l e  3 - 3 .  
T h e t o x i c o l o g i c a l  e f f e c t  o f  t h e h i g h s i l i c a  l e v e l s  i n  
d r i n k i n g  w a t e r  s e e m e d  n e g a t i v e .  N o  e f f e c t s  o f  t h e h i g h  
s i l i c a  w a t e r  o t h e r  t ha n  c a l c u l i  f o r m a t i o n  w e r e  o b s e r v e d ,  
a n d  s h e e p  g r e w  n o r m a l l y  d u r i n g  t h e  e x p e r i m e n t a l  p e r i o d .  
The  w e i g h t  g a i n s  sh o w e d  n o  s i g n i f i c a n t  d i f f e r e n c e  d u e  t o  
t r e a t m e n t .  T h e  w e i g h t  c h a n g e s  m e a s u r e d  d u r i n g  t h e  
e x p e r i m e n t a l  p e r i o d a r e  s h o w n  i n  A p p e n d i x  ( Ta b l e  3 1 ) .  
T h e  n u m b e r s  o f  s h e e p  d e v e l o p i n g  u r i n a r y  c a l c u l i  i n  
t h e c o n t r o l , 1 5 0 0  p p m  a n d  3 0 0 0  p p m  s i l i c a g r o u p s  w e r e  0 ,  2 
( 9 % )  a n d  1 0  ( 4 5 % ) , r e s p e c t i v e l y , a n d  a p p e a r e d  t o  b e  
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F i g u r e  3 - 2 .  T i m e  c u r v e s  o f  t h e  c o n c e n t r a t i o n s  o f  
m o l y b d a t e- r e a c t i v e  S i 0 2 i n  s h e e p  d r i nk i n g  wa t e r s . 
) 
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T a b l e  3 - 3 .  E f f e c t  o f  S i l i c a  D r i n k i n g  W a t e r  o n  Sh e e p 1 • 2 • 3 
tf r e a t m e n t s  ( S i l i c a )  
I 
C o n t r o l  1 5 0 0  p p m 3 0 0 0  p p m S E  
F i n a l  w e i gh t  ( K g ) 4 5 . 0  · 4 5 .  0 44 . 2  1 . 0 8  
Wa t e r  c o n s u m p t i o n  ( L / d ) 34 . 1  3 3 . 6  34 . 4  0 . 7 7  
Ur i n e : 
V o l u m e -24h ( m l ) 8 7 5  1 1 6 7  9 04 8 9 . 2 
p H  a 8 . 0 6  8 . 42 8 . 54 0 . 0 8 
S i 0 2 - c o n c .  ( p p m ) 28 3 2 6 7  3 1 9  26 . 8  
- t o t a l  b ( m g / d )  1 9 7 26 6 24 3 1 6 . 9  
C a  - c o n e .  ( p p m ) 2 5 . 9  1 3 . 5  1 6 . 1  4 . 20 
- t o t a l  c ( m g / d ) 1 5 3  1 24 9 2  1 6 . 8  
M g  - c o n e .  ( p p m ) 6 5 . 0 4 9 . 3  5 8 . 8  5 . 8 2 
- t o t a l  c ( m g / d ) 4 5 3  4 8 6  3 9 2 25 . 2 
p - c o n e . - d ( p p m ) 2. 5 1  1 . 34 1 .4 7  0 . 34 
-t o t a l  e ( m g / d ) 2 1 . 0  1 4 . 7 1 1 . 3  4 . 0 7  
B l o o d : 
C a  f ( m g / d l ) 1 0 . 9  1 0 . 6  1 0 . 5  0 . 0 9 
M g  ( m g / d l ) 2 . 20 2.26 2 . 25 0 . 04 
p ( m g / d l ) 7 . 4 3  7 . 24 7 . 1 7 0 . 1 9 
U r i n a r y c a l c u l i  i n c i d e n c e &  0 2 1 0  
S i O S 
% i n  c a l c u l i  a sh 9 5 . 9 %  8 6 . 9 % 
( A s  = 7 2 . 1 %  o f  th e c a l c u l i ) 
. 4 3  
( N o t e s  f o r  Ta b l e  3- 3 ,  c o n t i n u e d ) 
1 T h e  t r e a t m e n t s  w e r e  t h r e e  l e v e l s  ( O  p p m ,  1 5 0 0  p p m  
) . a n d  3 0 0 0  p p m )  o f  m o l y b d a t e - r e a c t 1 v e s i l i c a  d r i n k i n g  
w a t e r  p r e p a r e d  · b y  t h e  h y d r o l y s i s  o f  t e t r a e t h y l o r t h o -
s i l i c a t e  ( T E S )  a t  p H  3 . 0 .  
2 T w e n t y t w o  s h e e p  p e r t r e a t m e n t , a v e r a g e  w t = 3 9 . 1  + 
4 . 5 K g . 
3 s t a t i s t i c a l  e f f e c t s  a r e  b y  a n a l y s i s  o f  v a r i a n c e : 
a S i l i c a  e f f e c t , 0 p p m  d i f f e r s  f r o m  1 5 00 p p m  a n d  3 0 0 0  
p p m  ( P < 0 . 0 1 ) .  b S i l i c a  e f f e c t , 0 p p m  d i f f e r s  f r o m  
1 5 0 0  p p m  a n d  3 0 0 0  p p m  ( P < 0 . 0 1 a n d  P = 0 . 0 5 6 , r e s p e c ­
t i v e l y ) .  c S i l i c a  e f f e c t ,  0 p p m  d i f f e r s  f r o m  3 0 0 0  p p m  
( P = 0 . 0 1 ) . d S i l i c a  e f f e c t , . 0 p p m  d i f f e r s  f r o m  1 5 0 0  
p p m  a n d 3 0 0 0  p p m  ( P < 0 . 0 5 ) .  e S i l i c a  e f f e c t ,  
d i f f e r s  f r o m  3 0 0 0  p p m  ( P= 0 . 1 ) . £ S i l i c a  e f f e c t , 
0 p p m  
0 p p m  
d i f f e r s  f r o m  1 5 0 0  p p m  a n d  3 0 0 0  p p m  ( P < 0 . 0 1 ) .  & S i l i c a  
e f f e c t ,  u s i n g  Ch i - s q u a r e o r t h o g o n a l  c o m p a r i s o n s , 0 + 
1 5 0 0  p p m  d i f f e r s  f r o m  3 0 00 p p m  ( P < 0 . 0 1 ) .  
* * * 
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r e l a t e d  t o  t h e  l e v e l s  o f  s i l i c a i n  t h e d r i n k i n g w a t e r .  
U s i n g  c h i - s q u a r e  o r t h o g o n a l  c o m p a r i s o n ,  0 a n d  1 5 0 0  p p m  
S i 0 2 g r o u p s  d i f f e r e d  ( P  < 0 . 0 1 )  f r o m  t h e  3 0 0 0  p p m  S i 0 2 
g r o u p .  T h e  s i l i c a  c a l c u l i  w e r e  f o u n d  i n  t h e  k i d n e y s  a n d  
n o n e· w e r e  f o u n d  i n  t h e  ur i n a r y b l a d d e r s .  T h e  c a l c u l i  w e r e  
s m a l l  i n  s i z e  r a n g i n g  f r o m  0 . 1 t o  2 6  m g  p e r s h e e p .  T h e  
p e r c e n t  a s h o f  t h e c a l c u l i  w a s  7 2 ,  a n d  a b o u t  9 1 %  o f  t h e  
a sh w a s s i l i c a .  
T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  w a t e r  
c o n s u m p t i o n d u e  t o  t h e  t r e a t m e n t s .  T h e  w a t e r  c o n s u m p t i o n  
w a s  m e a s u r e d  a s  l i t e r s  p e r  p e n  p e r  d a y  a n d  t h e  d a t a  a r e  
s h o w n  i n  A p p e n d i x  ( T a b l e  3 2 ) .  
U r i n e  v o l u m e � c o l l e c t e d  a t  t h e  t h i r d , f i f t h an d 
e i g h t h  w e e k s  a r e  s h o w n  i n  A p p e n d i x ( Ta b l e  3 3 ) .  The r e  w e r e  
s o m e v a r i a t i o n s i n  t h e  u r i n e v o l u m e s  d u e  t o  a f e w  
e x t r e m e l y  h i g h  i n d i v i d ua l  v a l u e s  b u t  t he d i f f e r e n c e s  w e r e  
n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  
Ur i n a r y  p H  w a s  i n c r e a s e d  ( P  < 0 . 0 1 )  f r o m  a m e a n  o f  
8 . 0 6 f o r  t h e c o n t r o l  g r o u p  t o  m e a n s  o f  8 . 4 3  f o r t h e 1 5 0 0  
p p m  S i 0 2 g r o u p  a n d  8 . 5 4 f o r  t h e 3 0 0 0  p p m  S i 0 2 g r o u p  ( Ta b l e  
3 - 3 ) .  W i t h  u s e  o f  t h e  r a t  m o d e l  s y s t e m  f o r  s i l i c a  ur i n a r y  
c a l c u l i  s t u d i e s , t h e r e  h a s  b e e n  a s i m i l a r  i n c r e a s e  i n  
u r i n e  p H  d u e  t o  t h e  f e e d i n g  o f  T E S  i n  o n e  i n s t a n c e  ( 8 0 )  
b u t  n o t  i n  a n o t h e r ( 3 3 ) .  A l k a l i n i t y  o f  u r i n e  i s  k n o w n  t o  
b e  c a u s e d  b y  a n  e x c e s s  o f  N a + , K + , c a + + , M g + + o r  N H 4 
+ 
4 5  
c a t i o n s  o v e r  HPo 4
= , s o4
= , C l - o r  H C 0 3
- a n i o n s . R e l a t e d  t o  
t he s e p o s s i b i l i t i e s , o n l y  u r i n a r y  c a l c i u m , m a g n e s i u m  a n d  
p h o s p h o r u s  w e r e  m e a s u r e d  i n  t � i s  e x p e r i m e n t . W h i l e  b o t h  
u r i n a r y  p h o s p h o r u s  c o n c e n t r a t i o n a n d  t o t a l  p h o s p h o r u s  
e x c r e t i o n w e r e  l o w e r  i n  r e s p o n s e  t o  h i g h S i 0 2 l e v e l s  i n  
t he w a t e r ,  t o t a l  u r i na r y  c a l c i u m  a n d  m a g n e s i u m  e x c r e t i o n s  
w e r e  a l s o  l o w e r .  T h e s e  d a t a  f a i l t o  p r o v i d e  a b a s i s  f o r  
e x p l a i n i n g  t he d i f f e r e n c e  i n  u r i n e  p H  o b s e r v e d  a m o n g  t h e  
t r e a t m e n t s  i n  t h i s s t u d y .  
T h e t o t a l  u r i n a r y  S i 0 2 e x c r e t e d  i n  2 4  h o u r s w a s  
i n c r e a s e d  ( P  < 0 . 0 1 , 1 5 0 0  p p m  S i 0 2 ; P < 0 . 0 5 , 3 0 0 0  p p m  
S i 0 2 ) b y  t h e  s i l i c e o u s  _ d r i n k i n g  w a t e r s  ( T a b l e 3 - 3 ) .  
H o w e v e r , t h e u r i n a r y  S i 0 2 c o n c e n t r a t i o n w a s  n o t  
s i g n i f i c a n t l y  i n c r e a s e d . 
O t h e r  r e s e a r c he r s  w o r k i n g w i t h a nu m be r  o f  s p e c i e s  
h a v e  s h o w n _ u r i n a r y e x c r e t i o n  o f  s i l i c i c  a c i d  t o  b e  
i n c r e a s e d  w i t h i n c r e a s i n g  i n t ak e s  o f  s i l i c e o u s  s u b s t a n c e s ,  
a n d  i t  a p p e a r e d  t o  r e a c h  a m a x i m u m  t h a t  w a s  n o t  e x c e e d e d  
b y  i n c r e a s i n g  t h e  d o s e  ( 4 7 ,  5 2 ,  5 4 , 5 5 , 5 8 , 6 8 , 7 8 ) .  
S he e p d i e t s  u s e d  i n  t h i s e x p e r i m e n t  c o n t a i n e d  a b o u t  1 . 7 2 % 
s i l i c a , m o s t l y  f r o m  t h e  g r a s s  h a y .  Th i s  m a y  h a v e  l i m i t e d  
t h e n e t  a b s o r p t i o n o f  a d d i t i o n a l  s i l i c a .  I n c r e a s e s  i n  
u r o l i t h f o r m a t i on a t t r i b u t e d  t o · c o n s u m p t i o n o f  s i l i c e o u s  
d r i n k i n g  w a t e r , w i t h o u t  a c c o m p a n y i n g  i n c r e a s e s  i n  u r i n a r y 
s i l i c a  c o n c e n t r a t i o n s , l e n d s  s u p p o r t  t o  t h e  p r e v i o u s  
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c o n c l u s i o n o f  E m e r i c k  e t  a l  ( 3 2 )  t h a t  s i l i c e o u s  u r i n a r y 
c a l c u l i  f o r m a t i o n  i s  " a n  e f f e c t  n o t  e n t i r e l y  d e p e n d e n t  
u p o n  a h i gh l e v e l  o f  u r i n a r y  $ i l i c a  e x c r e t i o n" .  
C o m pa r e d  t o . t he c o n t r o l s , t o t a l  2 4- h  e x c r e t i o n s  o f  
u r i n a r y c a l c i u m  a n d  m a g ne s i u m  w e r e  l o w e r e d  ( P  < 0 . 0 1 ) b y  
t h e  s i l i c e o u s  d r i n ki n g  w a t e r . Ur i n a r y  p h o s p h o r u s  c o n c e n ­
t r a t i o n s  w e r e  a l s o  l o w e r  ( P  < 0 . 0 5 )  a n d  2 4 - h o u r  u r i n a r y 
p h o s p h o r u s  e x c r e t i o n  t e n d e d  t o  b e  l o w e r  f o r  t h e  3 0 0 0  p p m  
S i 0 2 g r o u p  ( P  = 0 . 1 ) . T h e s e  r e s u l t s  a r e  i n  a g r e e m e n t  w i t h 
a d e c r e a s e  in u r i n a r y  c a l c i u m ,  m a g n e s i u m ,  a n d  p h o s p h o r u s  
r e p o r t e d  f o r  r a t s f e d  T E S  ( 3 3 , 8 0 ) .  
B l o o d  c a l c i u m  w a s  l o w e r e d  ( P  < 0 . 0 1 )  b y  1 5 0 0  p p m  
a n d  3 0 0 0  p p m  S i 0 2 • T h e r e  w a s  n o  s i g n i f i c a n t  e f f e c t  o f  
t r e a t m e n t s  o n  b l o o d  m a g n e s i u m  o r  p h o s p h o r u s .  
P h o s p h a t e  w a s  s h o w n  i n  v i t r o � a s  d e s c r i b e d  
e a r l i e r , t O- i n h i b i t  f o r m a t i o n o f  i n s o l u b l e  p r o t e i n ­
p o l y s i l i c i c  a c i d  c o m p l e x e s b e l i e v e d  t o  b e  i m p o r t a n t t o  
s i l i c a  u r o l i t h  f o r m a t i o n .  F u r t h e r , d i e t a r y  p h o s p h a t e  an d 
u r i n e a c i d i f y i n g  s a l t s  r e d u c e d  t h e  i n c i d e n c e  o f  s i l i c a  
u r o l i t h s i n  r a t  s t u d i e s  d e s c r i b e d  i n  t h i s  t h e s i s  a n d  
e l s e w h e r e  ( 3 3 ,  8 0 ) .  T h e r e f o r e , i t  i s  c o n c l u d e d  t h a t  
f a c t o r s o t h e r  t h a n  i n c r e a s e s  i n  u r i n a r y  s i l i c a  
c o n c e n t r a t i o n s , m o s t  p r o b a b l y  i n c r e a s e s  i n  u r i n a r y  p H  a n d  
d e c r e a s e s  i n  u r i n a r y  p h o s p h o r u s , w e r e  i n s t r u m e n t a l  i n  
i n c r e a s i n g  s i l i c a  u r o l i t h  f o r m a t i o n  i n  s h e e p  g i v e n  
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s i l i c e o u s  d r in k i n g  w a t e r .  
Th i s  m e t h o d  o f  p r o d uc i n g  s i l i c a  u r i na r y . c a l c u l i  i n  
s he e p a p p e a r s t o  p r o v i d e· a m oJd e l  f o r e x t e n d i n g r e s u l t s  o f  
p r e v i o u s  r a t  s t u d i e s  t o  r u m i n a n t s . 
SUMMARY 
� S Y N E R G I S M  OF D I ETARY P H O S PH A T E  AND UR I NE AC I D I F Y I N G  
S ALT S I N  PREVENTI NG S I L I C A  U R O L I TH I A S I S  I N  R ATS 
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The m o d e l  s y s t e m  d e s c r i b e d  b y  E m e r i c k e t  a l .  ( 3 2 )  
u s i n g  S p r a g ue-D a w l e y  m a l e  r a t s  f e d  d i e t s  c o n t a i n i n g  2 %  o f  
t e t r a e t h y l o r t h o s i l i c a t e  ( T E S ) w a s  u s e d .  S i x  d i e t a r y  
t r e a t m e n t s  w e r e  u s e d  i n  a 2 x 3 f a c t o r i a l  a r r a n g e m e n t  w i t h 
t w o  c o n c e n t r a t i o n s  o f  a m m o n i u m  c h l o r i d e , 0 a n d  0 . 0 6 7  
e q u i v a l e n t s / k g  o f  d i e t a n d  t h r e e  c o n c e n t r a t i o n s  o f  d i e t a r y  
p h o s p h o r u s , 0 ,  0 . 1 5 % a n d  0 . 3 0% f r o m  N a 2 HP0 4 • The a n a l y s i s  
o f v a r i a n  c e u t i 1 i z e d a m o d e  1 c o n s i s t i n  g o f a m m a· n i u m 
c h l o r i d e  a n d p h o s p h o r u s e f f e c t s , a n d  a m m o n i u m  c h l o r i d e  x 
p h o s p h o r u s  i n t e r a c t i o n .  
The c o n c e n t r a t i o n o f  0 . 0 6 7  e q u i va l e n t s / k g  d i e t  o f  
a m m o n i u m  c h l o r i d e , f a c t o r e d  w i t h t h r e e  l e v e l s  o f  d i e t a r y  
p h o s p h o r u s  s u p p l e m e n t a t i o n  i n  t h i s  e x p e r i m e n t , - w a s  
s e l e c t e d  a s  b e i n g  b e l o w  t h e  m i n i m u m  e f f � c t i v e  
c o n c e n t r a t i o n f o r  r e d uc t i o n  o f  s i l i c a  u r i n a r y  c a l c u l i .  
U r o l i t h s  f r o m a l l  g r o u p s  w e r e  f o u n d  t o  c o n t a i n  7 9 %  
a s h a n d  h a v e  s i l i c a  c o n t e n t s  a p p r o x i m a t e l y  1 0 0 % o f  t h e  
a s h . 
M e a n  u r i n e  p H  v a l u e s  i n  a l l  a m m o n i u m  c h l o r i d e  
t r e a t m e n t s  w e r e  7 . 1 4 - 7 . 1 6 ,  a n d  t r e a t m e n t s  w i t h o u t  a m m o n i u m  
c h l o r i d e  h a d m e a n  p H  v a l u e s o f  7 . 4 4 - 7 . 5 3 .  Th e u r i n e p H  
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w a s  d e c r e a s e d  ( p  < 0 . 0 1 )  b y  a d d i t i o n  o f  a m m o n i u m  c h l o r i d e .  
H o w e v e r , s u p p l e m e n t a l  p h o s p h o r u s h a d  n o  s i g n i f i c an t e f f e c t  
o n  u r i n e p H . T h u s ,  w h e ri c o �p a r e d  w i t h  t h e  S O %  u r o l i t h 
i n c i d e n c e  i n  t h e  c o n t r o l s , r e d uc t i o n s  t o  2 5 %  i n c i d e n c e b y  
0 . 1 5 % a d d e d  p h o s p h o r u s  ( P  = 0 . 0 8 )  a n d  1 0 % i n c i d e n c e  b y  
0 . 3 0% a d d e d  ph o s p h o r u s  ( p  < 0 . 0 5 )  c a n  n o t  be a t t r i b u t e d  t o  
d i f f e r en c e s  i n  u r i n e p H .  H o w e v e r , a n  a b s en c e  o f  u r o l i t h s  
i n  r a t s  f e d  0 . 1 5 % o r  0 . 3 0 % s u p p l e m e n t a l  p h o s p h o r u s  i n  
c o m b i n a t i o n  w i t h  a m m o n i u m  c h l o r i d e  i n d i c a t e s  a g r e a t e r  
a n t i u r o l i t h i c  e f f e c t i v e n e s s  f o r  s u p p l e m e n t a l  p h o s p h o r u s  
w he n  f e d  u n d e r  c o n d i t i o n s  t h a t  a l s o  r e d u c e  u r i n e  p H .  
B a s e d  o n  t h e  d a t a  f r o m  t h i s e x p e r i m e n t , i t  i s  
c o n c l u d e d  t ha t  s u p p l e m e n t a l  d i e t a r y  p h o s p h a t e  a n d  u r i n a r y  
a c i d i f y i n g s a l t s  i n d e p e n d e n t l y  r e d u c e  s i l i c a u r o l i t h 
f o r m a t i o n a n d  t h e i r e f f e c t s  a p p e a r  t o  b e  s y n e r g i s t i c .  
� I N  V I TR O  STU D I E S  ON THE E F F E CT O F  P HO S PHORU S ON 
PR E C I P I T A T I O N  OF A P O LY S I L I C I C  A C I D- P R O T E I N  COMPLEX 
I n  t h e  e x p e r i m e n t , t h e  p r o t e i n s o u r c e  w a s  b o v i n e 
s e r u m  a l b u m i n .  The  s t o c k s o l u t i o n s  o f  p H  6 . o , · 6 . 5  a n d  7 . 0 
p h o s p h a t e  b u f f e r s  w e r e  p r o d u c e d  s o  t h a t  w h e n  t h e y  w e r e  
d i l u t e d  t o  1 : 2 0 w i t h  a h y d r o l y z e d  T E S  s o l u t i o n , a c o n s t a n t  
i o n i c s t r e n g t h  o f  0 . 1 7 2 4  N w a s  o b t a i n e d .  
B y  a c i d  h y d r o l y s i s  o f  T E S  a t  p H  3 ,  a 6 0 0  p p m  S i 0 2 
s o l u t i o n  w a s  p r e p a r e d  f o r  u s e  a s  a s o u r c e o f  s i l i c a  i n  
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2 2  l a m b s  p e r  t r e a t m e n t  a n d  1 1  l a m b s  p e r p e n .  T h e  
t r e a t m e n t s  c o n s i s t e d  o f  a c i d i c  d r i n k i n g  w a t e r  c o n t a i n i n g  3 
l e v e l s  o f  s i l i c i c  a c i d  ( 0  p � m ,  1 5 0 0  p p m  a n �  3 0 0 0  p p m ) .  
The  w a t e r  w a s  h e a v i l y  s t i r r e d  f o r  2 h o u r s i n  h y d r o l y s i s  o f  
t h e  T E S .  T h e  s i l i c a  d r i n k i n g  w a t e r �  i n i t i a l l y  h a d  
c o n c e n t r a t i o n s  o f  1 5 0 0  a n d  3 0 0 0  p p m  m o l y b d a t e - r e a c t i v e  
s i l i c a , r e s p e c t i v e l y , b u t  t h e  c o n c e n t r a t i o n s  d e c r e a s e d  d u e 
t o  t h e  s i l i c a  p o l y m e r i z a t i o n .  
T h e  t o x i c o l o g i c a l  e f f e c t  o f  t he h i g h s i l i c a  l e v e l s  
i n  d r i n k i n g  w a t e r  s e e m e d  n e g a t i v e .  N o  e f f e c t s  o f  t h e  
h i g h - s i l i c a  w a t e r , o t h e r  t h a n  c a l c u l i  f o r m a t i o n , w e r e  
o b s e r v e d  a n d  s h e e p  g r e w  n o r m a l l y d u r i n g  t h e  e x p e r i m e n t a l  
p e r i o d .  W e i g h t  g a i n s  s h o w e d  n o  s i g n i f i c a n t  d i f f e r e n c e  d u e 
t o  t r e a t m e n t s .  
The n u m b e r s  o f  s he e p  d e v e l o p i n g  u r i n a r y  c a l c u l i  i n  
t h e  c o n t r o l - g r o u p , 1 5 0 0  p p m  s i l i c a  g r o u p  a n d  3 0 0 0  p p m  
s i 1 i c a· g r o u p w e r e 0 , 2 ( 9 % ) a n d 1 0 ( 4 5 %  ) , r e s p e c t i v e 1 y , 
a n d  a p p e a r e d  t o  b e  r e l a t e d  t o  t h e l e v e l s  o f  s i l i c a  i n  
d r i n k i n g  w a t e r . T h e s e  r e s u l t s  i n d i c a t e  t h a t t h i s  i s  a 
p r o c e d u r e  t h a t  c a n  b e  u s e d  a s  a s h e e p  m o d e l  s y s t e m .  
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p r o t e i n  m a t r i x  i n t e r r e l a t i o n s h i p i n  b o v i n e  
u r o l i t h i a s i s ,  A n n . N .  Y .  A c a d . S c i .  1 0 4 , p p . 5 9 2 - 6 1 1 . 
5 2 . K e e l e r , R .  F .  a n d  L o v e l a c e .  S .  A .  ( 1 9 5 9 )  T h e 
m e t a b o l i s m  o f  s i l i c o n  i n  t h e  r a t  a n d  i t s  r e l a t i o n  t o  
t h e f o r m a t i o n  o f  a r t i f i c i a l  s i l i c e o u s  c a l c u l i .  J .  
E x p . M � d . 1 0 9 , p p .  · 6 0 1 -6 1 4 .  
5 3 . K e e l e r , R .  F .  a n d  S w i n g l e , K .  F .  ( 1 9 5 9 )  A p a r t i a l  
c h e m i c a l  a n a l y s i s  o f  t h e  m u c o p r o t e i n  o f  s i l i c e o u s  
u r i n a r y  c a l c u l i  o f  b o v i n e  o r i g i n .  A m e r  J .  V e t .  R e s .  
2 0 , p p . 2 4 9 - 2 5 4 . 
5 4 . K i n g ,  E .  J .  a n d  B e l t .  T .  H .  ( 1 9 3 8 )  T h e p h y s i o l o g i c a l  
a n d  p a t h o l o g i c a l  a s p e c t s  o f  s i l i c a . P h y s .  R e v .  1 8 ,  
p p . 3 2 9 - 3 6 5 . 
5 5 . K i n g ,  E .  J .  a n d  M c G e o r g e , M .  ( 1 9 3 8 )  T h e b i o c h e m i s t r y  
o f  s i l i c i c  a c i d .  V I .  T h e  s o l u t i o n  a n d  e x c r e t i o n o f  
s i l i c a . B i o c he m . J .  3 2 , p p .  4 2 6 -4 3 3 . 
5 6 . K i n g ,  E .  J . , S t a n t i a l , H .  a n d  D o l a n , M .  ( 1 9 3 3 )  T h e  
b i o c h e m i s t r y  o f  s i l i c i c  a c i d .  I I I . T h e  e x c r e t i o n o f  
a dm i n i s t e r e d  s i l i c a . B i o c h e m . J .  2 7 , p p . 1 0 0 7 - 1 0 1 4 . 
5 7 . L e g e n d r e ,  A . M .  ( 1 9 7 6 )  S i l i c a  u r o l i t h i a s i s  i n  a d o g .  
J .  A me r . V e t . Me d . A s s o c . 1 6 8 , p p . 4 1 8- 4 1 9 . 
5 7  
5 8 . L e s l i g , J .  G . , K a o ,  K .  Y .  T .  a n d  M c G a v a c k ,  T .  H .  
( 1 9 6 2 )  S t u d i e s  o n  s i l i c o n i n  b i o l o g i c a l  m a t e r i a l .  
F e d . P r o c . 2 1 , p p .  3 1 1 .  
5 9 . M a r s h , H .  a n d  S a f f o r) d ,  J .  W .  ( 1 9 5 7 )  E f f e c t  o f  
d e f e r r e d  c a s t r a t i o n  o n  u r e t h r a l d e v e l o p m e n t  i n  
c a l v e s .  J .  A m e r .  V e t .  M e d .  A s s o c .  1 3 0 ,  p p .  3 4 2 - 3 4 4 .  
6 0 ;. M a t h a m s , R .  H .  a n d  S u t h e r l a n d , A .  K .  ( 1 9 5 1 )  S i l i c e o u s  
r e n a l c a l c u l i  i n  c a t t l e . A u s t . V e t . J .  2 6 , p p . 6 8 -6 9 . 
6 1 . M c F a r l a n e , W .  V .  H o w a r d , B .  a n d  M o r r i s , R .  J .  H .  
( 1 9 6 6 ) .  W a t e r  m e t a b o l i s m  o f  M e r i n o  s h e e p  s h o r n  i n  
s umme r . Au s t .  J .  A g r i c . R e s . 1 7 , p p . 2 1 9- 2 2 5 . 
6 2 . M c i n t o s h ,  G .  H .  ( 1 9 6 6 )  U r i n a r y c a l c u l i  i n  s h e e p . J .  
A g r i c . ( S .  A u s t . )  6 9 , p p . 3 1 6 - 3 2 1 . 
6 3 . M c i n t o s h , G .  H . , P u l s f o r d , M .  F . , S p e n c e r , W .  G .  a n d  
R o s s e r , H .  ( 1 9 7 4 )  A s t u d y  o f  u r o l i t h i a s i s i n  g r a z i n g  
r u m i n a n t s  i n  S o u t h  A u s t r a l i a . A u s t .  V e t .  J .  S O ,  
p p . 3 4 5 - 3 5 0 . 
6 4 . M e y e r , J .  H . , W e i r , W .  C . , I t t n e r , N .  R .  a n d  S m i t h ,  
J .  D .  ( 1 9 5 5 )  T h e  i n f l u e n c e o f  h i g h s o d i u m  c h l o r i d e  
i n t a k e s b y  f a t t e n i n g  s h e e p  a n d  c a t t l e .  J .  A n i m . S c i .  
1 4 , p p . 4 1 2 - 4 1 8 . 
6 5 . N o t t l e , M .  C .  ( 1 9 6 6 a ) D i u r n a l  a n d  d a i l y  c h a n g e s i n  
t h e  e x c r e t i o n  o f  u r i n a r y  s i l i c a  b y  M e r i n o  s h e e p .  
A u s t .  J .  A g r i c . R e s .  1 7 , p p . 1 8 3- 1 8 9 .  
6 6 . N o t t l e , M .  C .  ( 1 9 6 6 b )  S i l i c a  m e t a b o l i s m  o f  t h e  M e r i n o  
s h e e p . A u s t . J .  A g r i c . R e s . 1 7 , p p .  1 7 5 - 1 8 2 . 
6 7 . N o t t l e , M .  C .  ( 1 9 7 6 )  C o m p o s i t i o n  o f  s o m e  u r i n a r y  
c a l cu l i  o f  r u m i na n t s  i n  W e s t e r n  A u s t r a l i a .  R e s .  V e t .  
S c i . 2 1 , p p .  3 0 9 - 3 1 3 .  
6 8 . N o t t l e , M .  C .  a n d  A r m s t r o h g , J .  M .  ( 1 9 6 6 )  U r i n a r y  
e x c r e t i o n o f  s i l i c a  b y g r a z i n g  s h e e p .  A u s t .  J .  A g r i c .  
R e s .  1 7 , p p .  1 6 5 - 1 7 3 .  
6 9 . O k a m o t o , G . , O k u r a ,  T .  a n d  G_o t o ,  K .  ( 1 9 5 7 )  P r o p e r t i e s  
o f  s i 1 i c a  i n  w a t e r . G e o c h i m .  C o s m o c h i m .  A c t a .  1 2 ,  
p p .  1 2 3 - 1 3 2 .  
7 0 . O k k e r s e , C .  ( 1 9 7 0 )  " P o r o u s  S i l i c a , "  i n  B .  G .  L i n s e n , 
E d . , P h y s i c a l  a n d  C h e m i c a l  A s p e c t s  o f  A d s o r b e n t s  a n d  
C a t a l y s t s , C h a pt e r  5 ,  p p .  2 1 9 .  A c a d e m i c , Ne w Y o r k .  
i 
5 8  
7 1 . O s e r , B .  L .  ( 1 9 6 5 )  H a w k ' s p h y s i o l o g i c a l  c h e m i s t r y  
( 1 4 t h  e d . ) , M c G r a w -H i l l  B o o k  C o . , N e w Y o r k .  p p .  1 1 1 2 -
1 1 1 4 .  
I 
7 2 . P a r k e r ,  K .  G .  ( 1 9 5 7 )  " W a t e r  B e l l y " ( u r o l i t h i a s i s )  i n  
7 3 . 
r a n g e  s t e e r s  i n  r e l a t i o n  t o  s o m e  c h a r a c t e r i s t i c s  o f  
r a n g e l a n d . J .  R a n g e  Ma n a g e . 1 0 , p p . 1 0 5 - 1 1 1 . 
P o 1 i c a r d , A • , C o 1 1  e t , A • , M o u s· s a r d , 
P e r g e r m a i n , S .  ( 1 9 6 1 )  D e p o s i t i o n  o f  
m i t o c h o n d r i a : a n  e l e c t r o n  m i c r o s c o p i c  
B i o p h y s .  B i o c h e m .  C y t o l .  9 ,  p p .  2 3 6 - 2 3 8 .  
D .  H .  a n d 
s i l i c a  i n  
s t u d y .  J .  
7 4 . P o l l a r d , C .  0 .  J r .  a n d  W e a v e r , C .  E .  ( 1 9 7 3 )  O p a l i n e  
s p he r e s ; l o o s e l y - p a c k e d  a g g r e g a t e s  f r o m  s i l i c a  n o d u l e  
i n  d i a t o m a c e o u s  M i o c e n e  f u l l e r ' s e a r t h .  J .  S e d i m e n t .  
P e t r o l . 4 3 , p p . 1 0 7 2 - 1 0 7 6 . 
7 5 . P o t t e r , B .  J .  ( 1 9 6 1 )  T h e  r e n a l r e s p o n s e  o f  s h e e p  t o  
p r o l o n g e d  i n g e s t i o n  o f  s o d i u m  c h l o r i d e .  A u s t .  J .  
A g r i c . R e s . 1 2 ,  p p .  4 4 0 - 4 4 5 . 
7 6 . P r i e n , E .  L .  a n d  P r i e n , E .  L .  J r .  ( 1 9 6 8 )  C o m p o s i t i o n  
a n d  s t r u c t u r e  o f  u r i n a r y  s t o n e .  A m e r .  J .  M e d . · 4 5 , 
p p . 6 5 4-6 7 2 . 
7 7 .  R i c ha r d s o n , E .  ( 1 9 5 9 ) S o m e  s t u d i e s  o n  s i l i c a  d u s t  a n d  
s i l i c i c a c i d .  I .  T h e  i n f l u e n c e o f  s e l e c t e d  
p o l y h y d r o x y  c o m p o u n d s a n d  a m i n o  a c i d s  o n  t h e  
p o l y m e r i z a t i o n o f  s i l i c i c  a c i d  a n d  t h e  s o l u b i l i t y  o f  
s i l i c a . J .  A p p l . C h e rn . 9 ,  p p .  3 7 1 -3 7 8 . 
7 8 . S a u e r , F . , L a u g h l a n d , D .  H .  a n d  D a v i d s o n , W .  M .  
( 1 9 5 9 )  S i l i c a  m e t a b o l i s m  i n  g u i n e a  p i g s .  C a n .  J .  
B i o c he m . P h y s i o l . 3 7 , p p . 1 8 3- 1 9 1 . 
7 9 • S c h r e i. e  r , C .  J .  ( 1 9 8 5 ) E f f e c t s o f V a r i o u s  D i e t a r y 
S a l t  A d d i t i o n s  o n  S i l i c a  U r o l i t h i a s i s  i n  M a l e  R a t s .  
( T h e s i s )  p p .  1 9 - 5 5 .  D e p t .  o f  A n i m a l  S c i e n c e ,  S o u t h  
D a k o t a  S t a t e  Un i v e r s i t y . 
S c h r e i e r , C .  J .  a n d  E m e r i c k ,  R .  J .  ( 1 9 8 6 )  D i e t  
c a l c i u m  c a r b o n a t e , p h o s p h o r u s  a n d  a c i d i f y i n g  a n d  
a l k a l i z i n g  s a l t s  a s  f a c t o r s  i n f l u e n c i n g  s i l i c a  
u r o l i t h i a s i s  i n  r a t  f e d  t e t r a e t h y l o r t h o s i l i c a t e .  J .  
N u t r . 1 1 6 ,  p p . 8 2 3-8 3 0 . 
5 9  
8 1 . S c h w a r z ,  K .  ( 1 9 7 8 )  S i g n i f i c a n c e  a n d  f u n c t i o n s  o f  
s i l i c o n  i n  w a r m - b l o o d e d  a n i m a l s .  R e v i e w  a n d  o u t l o o k .  
I n  "B i o c h e m i s t r y  o f  S i l i c o n a n d  R e l a t e d P r o b l e m s " ( G .  
B e n d z  a n d  I .  L i n d q u i s y , e d s . )  p p .  2 3 1 - 2 5 3 .  P l e n u m  
P r e s s , N e w  Y o r k . 
8 2 . S e g n i t , E .  R . , A n d e r s o n , C .  A .  a n d  J o n e s ,  J .  B .  
( 1 9 7 0 )  A s c a n n i n g  m i c r o s c o p e s t u d y  o f  t h e  m o r p h o l o g y  
o f  o pa l . S e a r c h  1 ,  p p . 3 4 9- 3 5 1 � 
8 3 • S t a c y , B • D • ( 1 9 6 9 ) R e n a 1 f u n c t i o n· a n d c a 1 c u 1 u s 
f o r ma t i o n i n  s he e p . A u s t . V e t . J .  4 5 , p p .  3 9 5 - 4 0 0 . 
8 4 . S t a c y , B .  D .  a n d  B r o o k , A .  H .  ( 1 9 6 4 )  T h e  r e n a l 
r e s p o n s e  o f  s h e e p  t o  f e e d i n g .  A u s t .  J .  A g r i c .  R e s .  
1 5 , p p . 2 8 9 - 2 9 8 . 
8 5 . S w i n g l e , K .  F .  ( 1 9 5 3 )  T h e c h e m i c a l  c o m p o s i t i o n  o f  
u r i na r y  c a l c u l i  f r o m  r a n g e  s t e e r s .  A m e r .  J .  V e t .  R e s .  
1 4 ,  p p . 4 9 3 - 4 9 8 . 
8 6 . T o m a s , F .  M . , J o n e s , G .  B . , P o t t e r , B .  J .  a n d  
L a n g s f o r d , G .  L .  ( 1 9 7 3 )  I n f l u e n c e  o f  s a l i n e d r i n k i n g  
w a t e r  o n  m i n e r a l  b a l a n c e s  i n  s h e e p .  A u s t .  J .  A g r i c .  
R e s . 2 4 , p p . 3 7 7 - 3 8 6 . 
8 7 . T r u e m a n , N .  A .  a n d  S t a c y , B .  D .  ( 1 9 6 9 )  O v i n e 
u r o l i t h i a s i s ;  s o m e  m i n e r o l o g i c  a n d  p h y s i o l o g i c  
o b s e r v a t i o n s . I n v e.s t . U r o l . 7 ,  p p . 1 8 5 - 1 9 1 .  
8 8 .  U d a 1 1  , .. R .  H .  a n d  C h o w  , F .  H .  C h e n  ( 1 9 6 9 )  T h e  ·e t i o 1 o g y 
a n d  c o n t r o l  o f  u r o l i t h i a s i s .  A d v .  V e t .  S c i .  C o m p .  
Me d . 1 3 , p p . 2 9- 5 7 . 
8 9 . U n m a c k , A .  ( 1 9 6 3 )  C o n s t i t u e n t s  o f  c a l c u l i  f r o m  t h e 
u r i na r y t r a c t  o f  b u l l s  a n d  b u l l o c k s .  E v i d e n c e  o f  t h e  
s i l i c a . u r o l i t h i a s i s  i n  c a t t l e i n  D e n m a r k .  p p .  1 - 1 2 .  
i n  R o y a l V e t e r i n a r y  a n d  A g r i c u l t u r a l  C o l l e g e  
Y e a r b o ok . C o p e n h a g e n .  D e n m a r k . 
9 0 . V y s o t s k i i ,  z .  Z . , G a l i n s k a y a , V .  I . ,  K o l y c h e v , V .  I . , 
S t r e l k o , V .  V . , S t r a z h e s k o , D .  N . , ( 1 9 7 4 )  " T h e R o l e  
o f  P o l y m e r i z a t i o n a n d  D e p o l y m e r i z a t i o n R e a c t i o n s  o f  
S i l i c i c  A c i d , e t c . , "  i n  · D .  N .  S t r a z h e s k o , E d .  
A d s o r p t i o n a n d  A d s o r b e n t s , V o l .  1 ,  p p .  7 5 .  W i l e y , N e w 
Y o r k , a n d  I s r a e l  P r o g r a m  f o r  S c i e n t i f i c T r a n s l a t i o n s , 
J e r u s a l em . 
6 0  
9 1 . W h i t i n g , F . , C o n n e l l ,  R .  a n d  F o r m a n , S .  A .  ( 1 9 5 8 )  
S i l i c a u r o l i t h i a s i s  i n  b e e f  c a t t l e .  2 .  Th e i n c i d e n c e  
o f  d i f f e r e n t  r a t i o n s  a n d  o n  r a n g e .  C a n  J .  C o m p .  M e d .  
V e t . S c i . 2 2 , p p . 3 3 2 - 3 3 7 . 
9 2 . W i l l e y , J .  D .  ( 1 9 7 4 ) : C i t e d  b y  I l e r , R .  K .  ( 1 9 7 9 )  T h e 
c h e m i s t r y  o f  s i l i c a .  S o l u b i l i t y , p o l y m e r i z a t i o n , 
c o l l o i d  a n d  s u r f a c e p r o p e r t i e s , a n d  B i o c h e m i s t r y .  
p p . 1 0 . J o h n W i l e y  & S o n s , I n c .  N e w . Y o r k .  
APPE N D I X  
) 
T a b l e  1 
A na l y s i s  o f · v a r i a n c e  t a b l e  f o r  4 w e e k  w e i g h t ; 
( r a t  e x p e r im e n t ) 
6 1  
V a r i a t i o n DF S u m  o f  s q u a r e s  M e a n  s q u a r e · F v a l u e  Pr o b  
T o t a l  1 1 8 
1 
2 
2 
Er r o r 1 1 3  
A na l y s i s  
V a r i a t i o n DF 
T o t a l  1 1 7  
N H4 C l  1 
p 2 
N H4 C l  X p 2 
E r r o r  1 1 2  
4 3 9 2 4 . 4 3 6  
3 . 3 7 4  
7 5 4 . 4 9 8  
4 1 9 . 2 7 5  
4 2 7 3 8 . 1 5 7 3 7 8 . 2 1 3  
T a b l e  2 
o f  v a r i a n c e  t a b l e  f o r 8 
( r a t  e x p e r i m e n t ) 
0 . 0 1 
1 . 00 
0 . 5 5 
w e e k  we i g h t ; 
S um o f  s q u a r e s  M e a n  s q u a r e  F v a l u e 
1 8 2 9 0 2 . 9 5 7  
3 3 6 . 4 3 8  ·a .  2 2  
5 1 2 2 . 6 0 1  1 . 6 4 
2 3 6 5 . 2 3 0  0 . 7 6 
1 7 4 9 6 1 . 7 1 3  1 5·6 2 . 1 5 8 
0 . 9 2 5 
0 . 3 7 2  
0 . 5 7 6  
P r o b  
0 . 6 4 4  
0 . 1 9 9 
0 . 4 7 1  
6 2  
T a b l e  3 
A na l y s i s  o f  v a r i a n c e  tp b l e f o r  wa t e r  i n t a k e  
( r a t  e x p e r i m e n t ) 
V a r i a t i o n DF S um o f  s q u a r e s  M e a n  s q u a r e  F v a l u e P r o b  
T o t a l  3 5 3  3 3 5 3 7 . 7 4 9  
N H4C l  1 6 0 . 1 4 3  0 . 6 5 0 . 4 2 1  
p 2 7 1 6 . 40 7  3 . 8 6 0 . 0 2 2  
N H4 C l  X p 2 4 7 8 . 8 5 1  2 . 5 8 0 . 0 7 7  
E r r o r  3 4 8  3 2 2 6 7 . 4 9 3  9 2 . 7 2 2  
T a b l e  4 
An a l y s i s  o f  va r i a n c e  t a b l e f o r  u r i n e  v o l u m e ; 
( r a t  e x p e r i me n t ) 
V a r i a t i o n DF S um o f  s q ua r e s  M e a n  s q u a r e  F v a l u e P r o b  
T o t a l  1 4 3  1 0 4 9 2 . 8 2 6  
N H4 C l  1 2 . 0 0 6  0 . 0 3 0 . 8 6 8  
p 2 4 8 3 . 5 1 3  '3 .  3 5  0 . 0 3 9  
N H 4C l  X p 2 3 4 . 0 1 3  0 . 2 4 0 . 7 9 1  
E r r o r  1 3 8 9 9 7 3 . 2 9 1  7 2 . 2 7 0 
T a b l e  5 
Ana l y s i s  o f  v a r i a n c e  t a b l e  f o r  u r i ne p H ; 
( r a t  e x p' e r i me n t ) 
6 3  
V a r i a t i o n DF S um o f  s q ua r e s  M e a n  s q ua r e  F v a l u e P r o b  
T o t a l  1 4 3  
1 
2 
2 
E r r o r  1 3 8 
6 . 8 5 7  
3 . 7 3 7  
0 . 0 7 1  
0 . 0 4 3  
3 . 00 5  
T a b l e  
0 . 0 2 1  
6 
Ana l y s i s  o f  va r i a n c e  t a b l e  f o r  u r i n e 
( r a t  e x p e r i me n t ) 
V a r i a t i o n D F  S um o f  s q u a r e s  M e a n  s q u a r e  
T o t a l  1 4 5 3 3 9 5 4 9 3 . 4 8 6  
N H4 C l  1 1 5 5 0 . 3 9 1  
p 2 8 8 1 5 6 . 9 0 7  
N H 4C l  X p 2 1 7 2 4 6 7 . 7 4 9  
E r r o r  1 4 0  3 1 3 0 0 2 2 . 2 4 0  2 2 3 5 7 . 3 0 1  
1 7 1 . 6 5 
1 . 6 4 
1 . 0 0 
s i l i c a ; 
F v a l u e 
0 . 0 7 
1 . 9 7 
3 . 8 6 
0 . 0 0 1  
0 . 1 9 9 
0 . 3 7 1  
P r o b  
0 . 7 9 3  
0 . 1 4 3 
0 . 0 2 3  
6 4  
T a b l e  7 
A n a l y s i s  o f  v a r i an c e  t �b l e f o r u r i n e  c a l c i um ; 
( r a t  e x  e r i me n t ) 
V a r i a t i o n DF S um o f  s q ua r e s  M e a n  s q u a r e  F v a l u e P r o b  
T o t a l  1 4 6 6 0 0 0 . 1 9 2  
N H4 C l  1 2 6 . 0 5 9  0 . 9 5 0 . 3 3 1  
p 2 1 9 5 0 . 0 8 7  3 5 . 6 5 0 . 0 0 1  
N H4C l  X p 2 1 7 8 . 3 8 9  3 . 2 6 0 . 0 4 1  
E r r o r  1 4 1  3 8 5 5 . 8 9 4  2 7 . 3 4 6  
T a b l e  8 
A na l y s i s  o f  va r i an c e  t a b l e  f o r  u r i n e m a g n e s i u m ; 
( r a t  e x p e r i m e n t ) 
V a r i a t i o n DF S um o f  s q u a r e s  M e a n  s q ua r e  F v a l u e  P r o b  
T o t a l  1 4 6 1 1 4 9 6 . 5 7 8  
N H4 C l  1 1 0 . 8 8 4  0 . 1 6 0 . 6 8 8  
p 2 1 9 4 4 . 8 7 1  1 4 . 4 2 0 . 0 0 1  
N H4 C l  X p 2 2 8 . 0 9 4  0 . 2 0 0 . 8 1 8  
E r r o r  1 4 1  9 5 0 6 . 3 9 4  6 7 . 4 2 1  
T a b l e  9 
A na l y s i s  o f  v a r i a n c e  t ap l e  f o r  u r i n e  p h o s p h o r u s ; 
( r a t  e x p e r i m e n t ) 
6 5  
V a r i a t i on DF S um o f  s q u a r e s  M e a n  s q u a r e  F v a l u e P r o b  
T o t a l  
E r r o r  
1 4 3  5 1 4 5 2 3 . 9 3 7  
1 0 . 5 6 2  
2 3 6 4 5 8 1 . 3 7 5  
2 3 7 1 . 6 2 5  
1 3 8 1 4 9 5 7 0 . 3 7 5  
T a b l e  
. A na l y s i s  o f  v a r i a n c e  t a b l e  
o . o o 0 . 9 8 2  
1 6 8 . 1 9 0 . 0 0 1  
0 . 1 7  0 . 8 4 3  
1 0 8 3 . 8 4 3  
1 0  
f o r  b l o o d  p l a sma c a l c i u m ; 
( r a t  e x p e r i me n t ) 
V a r i a t i o n DF S um · o f  s q ua r e s  M e a n  s q u a r e  F v a l u e  P r o b  
T o t a l 5 8  6 . 2 0 1  
N H4 C l  1 1 . 0 1 2  1 1 . 6 5 0 . 0 0 1  
p 2 0 . 2 9 4  1 . 7 0 0 . 1 9 3  
N H4 C l  X p 2 0 . 2 7 6  1 . 5 9 0 . 2 1 3  
E r r o r  5 3  4 . 6 0 6  0 . 0 8 6  
' 
"' 
2 
6 6  
T a b l e  1 1  
A n a l y s i s  o f  va r i a n c e  t a b l� f o r  b l o o d  p l a s ma ma g n e s i u m ; 
( r a t  e x p e r i m e n t ) 
V a r i a t i o n DF S um o f  s q ua r e s  M e a n  _ s q u� r e  F v a l u e P r o b  
T o t a l  5 8  1 . 6 4 5  
N H 4C l  1 0 . 0 8 0  2 . 8 7 0 . 0 9 6  
p 2 0 . 0 6 1  1 . 0 9 0 . 3 4 4  
N H4 C l  X p 2 0 . 0 1 0  0 . 1 8  0 . 8 3 8 
E r r o r  5 3  1 . 4 9 3  0 . 0 2 8  
T a b l e - 1 2  
A na l y s i s  o f  v a r i a n c e  t a b l e  f o r  b l o o d  p l a s ma p h o s p h o r u s ; 
( r a t  e x p e 'r i m e n  t )  
V a r i a t i o n .DF S um o f  s q u a r e s  Me a n  s q u a r e  F v a l u e  P r o b 
T o t a l  5 8  2 7 . 7 6 9  
N H4 C l  1 1 . 4 0 4  3 . 1 0 0 . 0 8 4  
p 2 2 . 2 4 4  2 . 4 8 0 . 0 9 3  
N H4 C l  X p 2 0 . 1 9 2  0 . 2 1 0 . 8 0 9  
E r r o r  5 3  2 3 . 9 4 1  0 . 4 5 1  
T a b l e 1 3  
A n a l y s i s  o f  va r i a n c e  t a b l e f o r pH 6 . 0  s t u d y ; 
( s i l i c i c  a c i d - p r o t e i n e x p e r i m e n t ) 
6 7  
V a r i a t i o n DF S um o f  sq u a r e s  Me a n  s q u a r e  F v a l u e P r o b 
T o t a l  
P h o s p h a t e  
3 1  
3 
0 . 2 1 5  
0 . 1 8 8 6 4 . 9 4 
E r r o r  2 8  0 . 0 2 7  0 . 0 0 1  
T a b l e  1 4  
A na l y s i s  o f  va r i a n c e  t a b l e  f o r p H  6 . 5  s t u d y ; 
( s i l i c i c  a c i d - p r o t e i n  e x p e r i me n t ) 
0 . 00 1  
V a r i a t i o n DF S um o f  s q u a r e s  Me a n  s q u a r e  F v a l u e P r o b  
To t a l  
Ph o s p h a t e  
E r r o r  
3 1  
3 
2 8  
1 . 7 1 0  
1 . 6 4 3  
0 . 0 6 7  0 . 0 0 2  
2 2 7 . 9 1 0 . 0 0 1  
T a b l e  1 5  
A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  pH  7 � 0 s t u d y ; 
( s i l i c i c  a c i d - p r o t e i n  e x p e r i m en t ) 
6 8  
V a r i a t i o n DF S um o f  s q ua r e s  M e a n  s q u a r e  F v a l u e  P r o b 
T o t a l  2 3  
Ph o s p ha t e  3 
0 . 0 0 0 2  
0 . 0 0 0 1 5 . 8 6 
E r r o r  2 0  0 . 00 0 1 0 . 0 0 0 0 0 6  
T a b l e  1 6  
A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  f i n a l  w e i g h t ; 
( s h e e p  e x p e r i me n t ) 
0 . 0 0 5  
V a r i a t i o n DF S um o f  s q u a r e s  Me a n  s q u a r e  F v a l u e P r o b  
T o t a l  6 4  
T r e a t me n t  2 
E r r o r  5 9  
1 5 3 4 . 2 1 6  
9 . 9 4 9  
1 5 2 4 . 2 6 7  2 5 . 8 3 5  
0 . 1 9 0 . 8 2 5  
� 
"' 
2 
T a b l e 1 7  
A n a l y s i s  o f  v a r i a n c e t a b l e f o r  wa t e r  i n t a k e ; 
( s h e e p  e x p e r i m e n t ) 
V a r i a t i o n  DF S um o f  s q ua r e s  Me a n  _ s q ua r e  F v a l u e  
T o t a l  2 9  1 6 3 . 84 6  
Tr e a t me n t  2 3 . 7 6 4  0 . 3 2 
E r r o r  2 7  1 6 0 . 0 8 2  5 . 9 2 8  
T a b l e  1 8  
A na l y s i s  o f  v a r i a n c e  t a b l e  f o r  u r i n e  v o l um e ; 
( sh e e p  e x p e r i m e n t ) 
6 9  
P r o b  
0 . 7 3 1  
V a r i a t i o n DF  S um o f  s q u a r e s  Me a n  s q ua r e  F v a l u e  P r o b  
T o t a l  
T r e a t me n t  
E r r o r  
9 2  2 4 2 9 6 7 2 7 . 8 2 7  
2 1 3 7 9 6 1 5 . 4 1 5  
9 0  2 2 9 1 7 1 1 2 . 4 1 2  
2 . 7 1 0 . 0 7 2  
2 5 4 6 3 4 . 5 8 2  
T a b l e  1 9 
An a l y s i s  o f  v a r i a n c e  t a b l e f o r  u r i n e  p H ; 
( s h e e p  e x p e r i m en t ) 
7 0  
V a r i a t i o n  D F  S um o f  s q u a r e s  Me a n  s q u a r e  F v a l ue P r o b  
T o t a l  9 2  2 4 . 9 6 0  
T r e a t me n t  2 3 . 9 3 2  
2 1 . 0 2 8  
8 . 4 1  
E r r o r  9 0  0 . 2 3 3  
T a b l e  2 0  
A na l y s i s  o f  v a r i a n c e  t a b l e  f o r  u r i n e S i 0 2 c o n e .  
( s h e e p  e x p e r i m e n t ) 
0 . 0 0 1  
V a r i a t i o n DF S um o f  s q u a r e s  M e a n  s q u a r e  F v a l u e  P r o b  
T o t a l  9 2  2 1 1 1 5 9 8 . 9 2 4  
Tr e a t me n t  2 4 5 8 5 6 . 5 3 8  1 . 0 0 0 . 3 7 2  
Er r o r  9 0  2 0 6 5 7 4 2 . 3 8 6  2 2 9 5 2 . 6 9 3  
T a b l e  2 1  
A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  t o t a l  u r i ne S i 0 2 ; 
( s h e e p  e x p e r i me n t ) 
7 1  
V a r i a t i o n DF S um o f  s q u a r e s Me a n  s q ua r e  F v a l u e  P r o b  
T o t a l  9 2  9 0 0 8 4 7 . 3 1 1  
T r e a t me n t  2 7 6 0 6 6 . 0 4 0  4 . 1 5  
E r r o r  9 0  8 2 4 7 8 1 . 2 7 0  9 1 6 4 . 2 3 6  
T a b l e  2 2  
A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  u r i n e  C a  c o n e ; 
( s h e e p  e x p e r i m e n t ) 
0 . 0 1 9  
V a r i a t i o n �F S um o f  s q u a r e s  M e a n  s q u a r e  F v a l u e  P r o b 
T o t a l  
T r e a t me n t  
E r r o r  
9 2  
2 
9 0  
5 3 4 2 9 . 6 4 7  
2 5 1 3 . 2 8 0  
5 0 9 1 6 . 3 6 7  5 6 5 . 7 3 7  
2 . 2 2 0 . 1 1 4 
T a b l e  2 3  
A n a l y s i s  o f  va r i a n c e  t a b l e  f o r t o t a l  u r i n e  Ca ; 
( s h e e p  e x p e r im e n t ) 
7 2  
V a r i a t i o n  DF  S um o f  s q ua r e s  M e a n  s q u a r e  F v a l u e P r o b  
T o t a l  9 2  8 7 5 6 6 9 . 1 1 8  
T r e a t me n t  2 5 7 4 2 4 . 5 6 4  3 . 1 6  
E r r o r  9 0  8 1 8 2 4 4 . 5 5 3  9 0 9 1 . 6 0 6  
T a b l e  2 4  
Ana l y s i s  o f  va r i a n c e  t a b l e f o r  u r i n e  Mg c o n e ; 
( s h e e p  e x p e r i me n t ) 
0 . 0 4 7  
V a r i a t i o n D F  S um o f  s q u a r e s  M e a n  s q u a r e  F v a l u e P r o b  
T o t a l  
Tr e a t me n t  
E r r o r  
9 2  1 00 8 7 8 . 90 3  
2 
9 0  
3 2 7 7 . 2 1 0 
9 7 6 0 1 . 6 9 2  
1 . 5 1 0 . 2 2 6  
1 0 8 4 . 4 6 3  
T a b l e  2 5  
A n a l y s i s  o f  va r i a n c e 
)
t a b l e  f o r  t o t a l  u r i n e  · Mg ; 
( s h e e p  e x p e r i m e n t ) 
7 3  
V a r i a t i o n DF S um o f  s q u a r e s  M e a n · s q �a r e  F v a l u e  P r o b  
T o t a l  
T r e a t me n t  
9 2  1 9 8 3 4 3 9 . 3 1 1  
2 1 5 1 1 1 9 . 9 7 3  
9 0  1 8 3 2 3 1 9 . 3 3 8  
3 . 7 1  
E r r o r  2 0 3 5 9 . 1 0 3  
T a b l e  2 6  
A n a l y s i s  o f  v a r i a n c e  t ab l e  f o r  u r i n e  P c o n e ; 
( s h e e p  e x p e r i m e n t ) 
0 . 0 2 8  
V a r i a t i o n D F  S um o f  s q ua r e s  M e a n  s q u a r e  F v a l u e  · P r o b 
T o t a l  9 2  3 6 4 . 2 9 6  
Tr e a t me n t  2 2 4 . 3 7 8  3 . 2 3 0 . 0 4 4  
Er r o r  9 0  3 3 9 . 9 1 8  3 . 7 7 6  
T a b l e  2 7  
A na l y s i s  o f  v a r i a n c e  t a b l e  f o r  t o t a l  u r i n e  P ;  
( s h e e p  e x p e r i m e n t ) 
7 4  
V a r i a t i o n  DF S um o f  s q u a r e s  M e a n. s q � a r e  F v a l u e  P r o b  
T o t a l  
T r e a tme n t  
E r r o r  
9 2  
2 
9 0  
4 9 0 6 6 . 0 1 6  
1 4 2 3 . 9 3 7  
4 7 6 4 2 . 0 7 9  
1 . 3 4 
5 2 9 . 3 5 6  
Ta b l e  2 8  
A na l y s i s  o f  va r i a n c e  . t a b l e  f o r  b l o o d  Ca ; 
( s he e p  e x p e r im e n t ) 
0 . 2 6 6  
V a r i a t i o n D F  S um o f  s q u a r e s  M e a n  s q u a r e  F v a l u e · P r o b  
T o t a l  6 3  
T r e a t me n t  2 
E r r o r  6 1  
1 2 . 48 7  
2 . 2 5 7  
1 0 . 2 2 9  0 . 1 6 7  
6 . 7 3 0 . 0 0 2  
T a b l e  2 9  
A n a l y s i s  o f  v a r i a n c e  t a b l e  f o r  b l o o d  Mg ; 
( s h e e p  e x p e r im e n t ) 
7 5  
V a r i a t i o n D F  S um o f  s q u a r e s  Me a n  s q u a r e  F v a l u e  P r o b  
T o t a l  
T r e a t me n t  
Er r o r  
6 3  
2 
6 1  
1 . 7 0 7  
0 . 0 3 3  
1 . 6 7 4  
0 . 6 1  
0 . 0 2 7  
T a b l e  3 0  
A na l y s i s  o f  v a r i a n c e  t a b l e  f o r  b l o o d P ;  
( s h e e p  e x p e r i m e n t ) 
0 . 5 4 8  
Va r i a t i on D F  S um o f  s q ua r e s  M e a n  s q u a r e  F v a l ue P r o b  
T o t a l  
T r e a t me n t  
Er r o r  
6 3  
2 
6 1  
4 8 . 2 0 3  
0 . 6 9 2  
4 7 . 5 1 0  0 . 7 7 8  
0 . 4 4 0 . 6 4 3  
7 6  
T a b l e  3 1  
We i g h t G a i n s  d u r i n g_ t he E x p e r i m e n t a l  P e r i o d  
T r e a t m e n t s  
We i g h t  C o n t r o l  1 5 0 0  p p m  3 0 0 0  _p p m  
( K g ) G r o u p  S i 0 2 g r o u p  S i 0 2 g r o u p  F PR 
I n i t i a l  8 5 . 2  9 7 . 5  8 5 . 7  0 . 3 2 0 . 7 3 
O n e  m o n t h  9 9 . 4  1 0 2 . 1 9 6 . 8  0 . 3 4 0 . 7 1  
Two m o n t h  9 9 . 2  9 9 . 1  9 7 . 3  0 . 1 9 0 . 8 3 
Ta b l e  3 2  
Wa t e r  C o n s um p t i o n  d u r i n g  t h e  E x p e r i m e n t a l  P e r i o d  
Tr e a t me n t s ( S i l i c a )  
C o n t r o l  1 5 0 0  p p m 3 0 0 0  p p m  
1 s t w e e k  3 5 . 6  3 5 . 6  3 8 . 6  
2 n d  w e e k  3 5 . 2  3 3 . 9  3 4 . 5  
3 r d  we e k  3 4 . 5  3 3 . 2  3 3 . 3  
4 t h  w e e k  30 . 4  3 0 . 7  3 1 . 5  
6 t h  w e e k  3 4 . 8  3 4 . 7  3 4 . 3  
7 7  
T a b l e  3 3  
Ur i ne V o l ume s (L) i n  T h r e e  C o l l e c t i o n s  
Tr e a t m e n t s  ( S i l i c a )  
C o n t r o l  1 5 0 0  p p m 3 0 0 0  p pm F PR 
3 r d  w e e k 8 5 0  1 1 7 3  7 3 1  2 . 7 7 0 . 0 9 
5 t h  we ek 1 1 0 8  1 4 0 0  1 4 2 7  0 . 8 1 0 . 4 6 
8 t h  w e e k  7 6 5  1 0 2 0  7 3 8 1 . 7 1  0 . 1 9  
